The element composition of soils from archaeological landscapes in Boeotia, Greece : a critical evaluation of element soil analysis in the investigation landscapes co-ordinated with the archaeological survey of Boeotia, Greece. by Rimmington, Jonathan Neil
Durham E-Theses
The element composition of soils from archaeological
landscapes in Boeotia, Greece : a critical evaluation
of element soil analysis in the investigation
landscapes co-ordinated with the archaeological
survey of Boeotia, Greece.
Rimmington, Jonathan Neil
How to cite:
Rimmington, Jonathan Neil (1998) The element composition of soils from archaeological landscapes in
Boeotia, Greece : a critical evaluation of element soil analysis in the investigation landscapes co-ordinated
with the archaeological survey of Boeotia, Greece. Doctoral thesis, Durham University. Available at
Durham E-Theses Online: http://etheses.dur.ac.uk/1136/
Use policy
The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:
• a full bibliographic reference is made to the original source
• a link is made to the metadata record in Durham E-Theses
• the full-text is not changed in any way
The full-text must not be sold in any format or medium without the formal permission of the copyright holders.
Please consult the full Durham E-Theses policy for further details.
Academic Support Office, Durham University, University Office, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk
2
The Element Composition of Soils from Archaeological Landscapes in 
Boeotia, Greece 
A critical evaluation of element soil analysis in the investigation of archaeological 
landscapes co-ordinated with the archaeological survey of Boeotia, Greece 
Two volumes 
Volume Two 
Jonathan Neil RIMMINGTON 
submitted for the degree 
of Doctor of Philosophy 
University of Durham 
Department of Archaeology 
1998 
The copyright of this thesis rests 
with the author. No quotation from 
it should be published without the 
written consent of the author an 
information derived from it should 
be acknowledged. 
'4 
ýý1 Zý ý, 
'ý ýi 
". 
17 JAN 2000 
F 
e Y 
ua 
2ü 
0" 
Qc 
1 
N 
C 
C 
OQ 
va 
v 
äa 
t 
W m, 
8 
0 
U, 
8 
In 
oi I aý 
G 
C OC 
d 
8ý N 
G7 
0 
0 - aý 
Q 
8 
C 
0 
00 
Ch 
vi 
O 
V 
. r, 
O 
A 
r 
b 
O 
qj 
c° 
I 
N. 
ti to 
O 
cn 
cq 
Iv 
aý 
O 
cn tw 0 
O 
aý 
cq 
w 
1 
I 
--- 
0 
888888 
10 In mN 
(1! °S NQ 6/ 6r ( iualuoo peal Ilog 
i S%u+ rw1A. + ý 
" 
r'ý., / 
N 
S 
i - 
\ 
THESSAL NIKA p 
i 
p 
ib 
wa 
AEGEAN a(pa 
.o SEA ý 
S 
>n b 'C GLADES p . 
WS W 
ä 
Od 0ý" 
." 
ý' 
o ýyrnpý ý 
ý ý tk R/EM ý 
% 
SEA OF CRETE 
0O 200 km 
Knoiws 
CRETE 
N 
,, 
Hyettos 
"taaý 
Rhadon 
KMaow 
ýý+ 
w, ou 
" COMAS 
o" Haliartos 
yeo `r vif 
Valley of e Muses 
Jr 0 vrommati 
mow` 
Palaeopa a espiae 
" Ieoc on eondan 
South-West Boeotia 
Survey Area N As"ý°ý 
CS 
61 
o"" ý= NR,. ATTICA 
Figure 1.2 Location map of Boeotia (top map) and the survey areas (bottom map). 
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Figure 1.3a Sites in the survey area of south-west Boeotia (Bintliff, 1996). 
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Figure 1.3b Sites occupied in the Archaic - Early Hellenistic period (Bintliff, 
1996). 
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Figure 1.3c Sites occupied in the Late Hellenistic - Early Roman period (Bintliff, 
1996). 
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Figure 1.3d Sites occupied in the Late Roman period (Bintliff, 1996). 
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Figure 1.3e Sites occupied in the Early - Late Byzantine Period (Bintliff, 1996). 
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Figure 1.3f Sites occupied in Late Byzantine - Early Turkish Period (Bintliff, 
1996). 
Symbol Description 
Quaternary (Holocene) alluvial deposits. 
11`` Old and recent talus cones and slope debris. 
Pleistocene conglomerates, sandstones, sands and red clay. 
Undivided flysch deposits. 
U er Cretaceous limestones pp . 
Upper Triassic limestones. 
Table 1.1 Geological key for figure 1.4. 
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Symbol Description 
al Quaternary undivided. Clays, sands, gravels, talus. 
Upper Cretaceous flysch. Shales, sandstones, conglomerates and limestones. 
Upper Cretaceous limestones. 
Conglomerates of the Upper Cretaceous. 
Chrome-nickeliferous lateritic iron ore. 
Jurassic limestones 
. 
Middle to Lower Jurassic shales. 
Peridotite. 
Table 1.2 Geological key for figure 1.5. 
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Figure 1.5 Geology of the Hyettos survey area, including Rhadon. Sites mentioned in the 
thesis are shown. The geological key is presented in table 10.2. 
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Figure 2.1 Relationship between solution pH and the relative concentrations of three 
soluble forms of phosphate. In the pH range common for soils, the H2P04 ions 
predominate (Brady, 1990). 
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Figure 2.2 Inorganic fixation of added phosphates at various soil pH values (Brady, 
1990) 
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Source of soil Fractionation Percentages Total P Land-Use Type 
I II III (ppm) 
Stavanger, Norway 84 7 9 1,256 Mixed-vegetable cultivation 
Stavanger, Norway 87 6 7 1,298 Mixed-vegetable cultivation 
Walhlstedt, Germany 83 6 11 368 Mixed-vegetable cultivation 
Hamburg, Germany 82 10 8 78 Mixed-vegetable cultivation 
Luneberg, Germany 80 15 5 399 Mixed-vegetable cultivation 
Bogota, Colombia 85 11 4 206 Mixed-vegetable cultivation 
Luneberg, Germany 44 49 7 43 Forest (pine) 
Bayreuth, Germany 48 48 4 178 Forest (pine-deciduous) 
Southern Hamburg, Germany 53 38 9 274 Forest (beech-oak) 
Southern Wisconsin, USA 50 37 13 418 Forest (oak) 
Southeastern Wisconsin, USA 34 54 12 315 Forest (maple, basswood) 
Northeastern Argentina 38 28 34 2,324 Residential (abandoned) 
Varanasi, India 34 34 32 3,237 Residential (abandoned) 
Southeastern Wisconsin, USA 38 24 37 844 Residential (abandoned) 
Southeastern Wisconsin, USA 37 30 33 836 Residential (abandoned) 
Southern Wisconsin, USA 40 20 40 1,393 Residential (modern) 
Table 2.1 Correlation of inorganic soil phosphate fractionation percentages with various 
types of land-use (Eidt, 1984b). 
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Figure 2.3 Plot of intensity of soil enrichment (total phosphate) over time (fraction II/I). 
Values on the x and y axes correspond to the ranking of 34 archaeological soil samples 
by intensity and by time (Lillios, 1992). 
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Figure 2.4 Field VII at Butser Ancient Farm Site. The field is 30 mx 30 m, the central 
15 m wide strip (shaded) was manured (mixture of cow dung and straw) at a rate of 10 
tons wet weight per acre per year from 1976 to 1989. The unshaded strips to either side 
were non-manured. Soil samples were taken at 1m intervals along the X-X transect 
(Evershed et al., 1997). 
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Figure 2.5 Histogram plot showing the variation in the concentration of 5ß-stanols 
across field VII at Butser Ancient Farm Site and control samples (Evershed eta!., 1997). 
Samples shaded in black were non-manured. Samples shaded with lines were manured. 
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Figure 2.6 Histogram plots showing the relative concentrations of Al, Ca, Fe, Mn, P and 
K across field VII at Butser Ancient Farm Site and the control samples (Evershed et al., 
1997). The underscores to the left and right of the lower histograms denote samples from 
the non-manured areas. The central group are the samples from the manured area. 
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Figure 3.1 The Thespiae survey area showing the relationship 
between surface sherd density and the two transect soil surveys 
of the Thesplae region. 
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n 
Mavro. W. 
49 
Plains 
49 
Thes. Trans. 
64 
Hvar 
32 
Lead Range 23.9-42.3 14.2-36.8 5.2-556 (33.4) 12.0-48.0 
Mean 32.1 28.9 21.4 (12.8) 29.3 
S. D. 3.5 4.5 68.1(5.3) - 
Copper Range 16.2-33.7 19.4-73.4 13.8-47.0 13.0-105.0 
Mean 25.5 32.7 28.1 45.8 
S. D. 4.1 5.1 7.5 - 
Zinc Range 27.3-611 33.1-92.2 22.9-91.7 36.0-90.0 
Mean 41.9 71.5 52.1 44.7 
S. D. 7.2 9.4 17.3 - 
Nickel Range - - 303-1040 - 
Mean - - 568 - 
S. D. - - 168 - 
Manganese Range - - 374-1450 - 
Mean - - 754 - 
S. D. - - 224 - 
Magnesium Range 5880-15900 - 
Mean - - 9370 - 
S. D. 1970 - 
Table 3.1 Values obtained from regional sampling surveys to date (All values in ppm. The 
mean value quoted is the arithmetic mean. n= number of samples. A dash indicates 
element not analysed or information not available). See text for abbreviations of sample 
areas. 
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Figures 3.5a -e Comparison of Thespiae transect I values (2) and corresponding sample 
points on the Waters transects (1). For location see figure 3.1. 
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Figure 3.5a Lead concentration of transect samples. 
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Figure 3.5b Copper concentration of transect samples. 
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Figure 3.5c Zinc concentration of transect samples. 
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Figure 13.5d Nickel concentration of transect samples. 
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Figure 3.5e Manganese concentration of transact samples. 
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Figures 3.6a -e Comparison of Thespiae transect 2 values (2) and corresponding sample 
points on the Waters transects (1). 
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Figure 3.6b Copper concentration of transect samples. 
90 
80 
70 
60 
N 50 
E 
30 
20 
10 
0 
-ý- Copper (I) 
Copper (2) 
123456789 
Distance (x 100 m) 
Figure 3.6c Zinc concentration of transect samples. 
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Figure 3.6d Nickel concentration of transect samples. 
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Figure 3.6e Manganese concentration of transect samples. 
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Figure 3.7 Relationship of the two Thespiae surveys to the position of the Late 
Roman defensive wall. 
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Figure 3.8a Surface soil lead concentrations for the survey of Thespiae (Chapman, 
1990). 
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Figure 3.8b Surface soil copper concentration for the survey of Thespiae (Chapman, 
1990). 
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Figure 3.8c Surface soil zinc concentration for the survey of Thespiae (Chapman, 1990). 
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Figure 3.9a-c Comparison of lead, copper and zinc values from the Chapman (2) and 
Waters (1) survey of Thespiae city. Samples I and 2 are within the wall and samples 3 and 
4 are outside the wall. 
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Figure 3.9a Comparison of lead values from the two surveys of Thespiae. 
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Figure 3.9c Comparison of zinc values from the two surveys of Thespiae. 
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31 
i ýý 
ýýi 
Arithmetic mean of 
Waters data set 
Arithmetic mean of 
Davies and Terzis 
data set 
Correlation between 
the two data sets 
Lead 62.9 128.2 0.09 
Copper 14.0 25.0 0.46 
Zinc 7.6 41.5 0.26 
Nickel 69.4 428.4 0.15 
Manganese 1032.9 579.7 0.15 
Table 3.3 Comparison of the Waters (1987) and the Davies and Terzis (unpublished) data 
sets for PP 17. 
Arithmetic 
mean 
Minimum Maximum Standard 
deviation 
Skewness 
Lead 128.2 8.8 3038.0 496.0 5.26 
Copper 25.0 18.8 32.5 3.5 0.18 
Zinc 41.5 33.3 58.5 4.5 1.04 
Nickel 428.4 330.2 516.0 35.1 0.01 
Manganese 579.7 510.8 657.2 540.6 2.15 
Magnesium 9682.0 6119.5 9682.0 38.6 0.02 
Table 3.4 Statistical data for the Davies and Terzis survey of PP 17. 
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Figure 3.14a Surface soil lead concentration at PP 17 
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Figure 3.14b Surface soil copper concentration at PP 17. 
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Figure 3.14c Surface soil zinc concentration at PP 17. 
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Figure 3.14d Surface soil nickel concentration at PP17. 
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Figure 3.14e Surface soil manganese concentration at PP 17. 
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Figure 3.14f Surface soil magnesium concentration at PP 17. 
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Figure 3.16b Interpretation of twin-probe soil resistance data for PP27 (modified from 
Gaffney, 1990). 
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Figure 3.17 Surface soil tile distribution at PP27. 
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Figure 3.18 Surface soil sherd distribution at PP27. 
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Figure 3.19c Contour plot of surface soil zinc concentrations at PP27. 
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surveys at TPW2 (Gaffney, 1990). 
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Figure 3.21 Surface soil (a) lead and (b) copper concentrations at TPW2 (Gaffney, 1990). 
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Figure 3.26b Surface soil copper concentration at TPW 11. 
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Figure 3.26c Surface soil zinc concentration at TPW 11. 
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Figure 3.3 lb Surface soil lead and copper concentrations for east - west transect B at 
VM64 (Gaffney, 1990). 
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Figure 3.35 Surface soil (a) magnetic susceptibility, (b) magnetic viscosity, (c) tile, 
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Lead Copper Zinc 
Arithmetic mean 22.70 26.45 37.86 
Minimum 13.00 0.10 9.00 
Maximum 70.50 61.50 58.50 
Standard deviation 6.69 12.24 8.29 
Skewness -0.48 0.57 2.03 
Table 3.13 Statistical data for P4. 
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Figure 3.37 Surface soil magnetic susceptibility at P4. 
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Figure 3.38a Surface soil lead concentration at P4. 
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Figure 3.38b Surface soil copper concentration at P4. 
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Figure 3.38c Surface soil zinc concentration at P4. 
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Element Form Solubility (g per 100cc) 
Aluminium Al(OH)3 insoluble 
Iron Fe(OH)3 0.00015 
Magnesium Mg 2+ soluble 
Calcium CaCO3 0.0014 
Potassium No data No data 
Phosphorus CaHPO4 0.0316 
Cerium CeO2 insoluble 
Lanthanum La 3+ dissolved 
Scandium Sc(OH)3 insoluble 
Strontium SrSO4 0.0113 
Yttrium Y2(C03)3 No data 
Cobalt CoCO3 insoluble 
Chromium Cr203 insoluble 
Copper CuO insoluble 
Manganese Mn2+ soluble 
Nickel Ni2+ insoluble 
Lead PbCO3 0.0001 
Vanadium H2VO4 insoluble 
Zinc ZnCO3 0.001 
Barium BaSO4 0.000246 
Table 4.1 Form (from Brookins, 1988) and solubility in cold water (from 
Weast, 1987) of elements in oxidised and alkaline conditions similar to those 
found in Greek soils. 
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Figure 5.1 Typical Boeotian surface sherd density plot showing the decreasing density of 
sherds with distance away from sites (Bintliff, 1992). 
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Fig, 5.2a The influence of topography on the expression of sherd concentration. 
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Fig. 5.2b The influence of an obstacle on the expression of sherd concentration. 
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Figure 5.3 Surface.. sherd densities. surrounding sites in Kurban Höyak, Turkey 
(Wilkinson, 1989). 
73 
Settlement Size 
Hamlets and farmsteads (<1.5ha) 
Villages (2-9ha) 
Small town (10-29ha) 
Large town/city (>40ha) 
Radius of Scatter (km) 
0.2-0.4 
0.6-1.0 
1.3 
2.2-6.0 
Table 5.1 The approximate radius of significant field scatters surrounding archaeological 
sites in the Middle East (Wilkinson, 1989). 
1968 1978 1988 
Mean Weight (g) 
Mean Area (mm) 
9.35 
665.48 
3.16 
279.53 
2.01 
164.91 
Table 5.2 Mean weight and area of sherds collected on the Camel Down field-walking 
survey (Reynolds, 1990a). 
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Figure 5.5 Comparison of results from repeating survey in part of the upper Bifemo valley 
(from Barker, 1995). 
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Figure 6.1 Country house near the Cave of Pan at Vari (Jones et al., 1973). 
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Figure 6.2 Small country house near Vari (Signe and Skysgaard, 1992). 
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Classical country house PH76 (Lohmann, 1993). 
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Figure 6.5 Interpretation of soil resistivity survey results at VM70 showing a (A) house, 
(B) high resistance features, (C) field-wall and (D) ditches. 
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Figure 6.6 House D at Halieis showing press room and kopron (Ault, 1994). 
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Figure 6.7 Threshing floor (Lohnºann, 
1993). 
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Figure 6.8 Reconstruction of a Greek oil-mill, trapetum (White, 1984). 
Figure 6.9 Simple lever-press shown on a fragment of Classical pottery (White, 1984). 
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Element Limestone Ultrabasic 
Aluminium (A1203) 0.07 0.03 
Iron (Fe203) 0.03 2.92 
Magnesium (MgO) 0.20 
Calcium (CaO) 33.20 0.09 
Sodium (Na2O) 0.01 0.00 
Potassium (K20) 0.01 0.01 
Phosphorus (P205) 0.07 0.03 
Cerium 25.0 0.0 
Lanthanum 57.7 1.0 
Scandium 1.0 2.0 
Strontium 38.3 1.0 
Yttrium 1.0 0.0 
Cobalt 11.3 59.3 
Chromium 4.0 58.7 
Copper 3.0 2.0 
Manganese 1.7 240.3 
Nickel 16.0 1127.0 
Lead 0.0 23.3 
Vanadium 3.0 11.3 
Zinc 5.0 33.7 
Barium 7.3 2.0 
* Exceeds instrument range. 
Table 7.1 Elemental composition of two rocks in Boeotia. 
Major elements (aluminium to phosphorus) expressed as % oxide. Other elements expressed as 
parts per million. 
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Waste Kilograms per annum 
per individual 
Cow manure' 16,000 
Pig manure' 2,500 
Sheep / goat manure' 1,200 
Chicken manure' 36.5 
Human' 73 
Wood ash (per household)2 113 
Table 7.6 Annual production of wastes. 
'Alcock et al. (1994) 
2 Hosier (1984) 
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No. of animals Manure (kg/year) 
"House" sheep/goats 4 4800 
Sheep/goats grazed elsewhere 6 3600' 
Chickens 5 183 
Humans 5 365 
TOTAL 20 8948 
Volume of waste (m) - 10 
Table 7.7 Hypothetical household B (Alcock et al., 1994). 
' Only the manure collected from overnight pens. 
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Figure 8.1 Surface soil sampling at a sample point 
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Figure 9.1 Inductively coupled plasma (from Walsh and Howie, 1986). 
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I Analyte aerosol (gas A) 
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Element Reproducibility 
error (%) 
Instrumental 
error (%) 
Aluminium (A1203) 7.21 0.42 
Iron (Fe2O3) 11.27 0.44 
Magnesium (MgO) 4.14 0.40 
Calcium (CaO) 2.43 0.54 
Sodium (Na2O) 17.85 1.33 
Potassium (KzO) 14.61 0.26 
Titanium (TiO2) 55.01 
Phosphorus (P2O5) 15.53 0.72 
Cerium 7.48 0.47 
Lanthanum 8.36 0.34 
Lithium 36.22 0.69 
Scandium 17.35 1.60 
Strontium 3.49 0.45 
Yttrium 39.27 0.52 
Bismuth 29.65 0.90 
Cobalt 6.33 0.67 
Chromium 5.89 0.46 
Copper 4.45 0.26 
Manganese 2.41 0.41 
Molybdenum 7.07 1.07 
Nickel 4.19 0.53 
Lead 20.85 0.72 
Antimony 34.65 9.85 
Vanadium 8.98 0.71 
Zinc 5.36 0.43 
Cadmium 37.44 ; 
Barium 2.81 0.42 
Arsenic 10.03 1.13 
Table 9.3 Comparison of analytical reproducibility error 
and instrument reproducibility error. (* no detectable 
difference between repeats). 
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SO-3 URG-1. 
Reference Value % Reference Value % 
value from efficiency value from efficiency 
analyses Of analyses Of 
extraction extraction 
Element procedure procedure 
Aluminium. 5.76 0.82 14.2 8.47 2.19 25.9 
Iron 0.88 - 8.36 2.43 29.1 
Magnesium 8.26 7.28 88.1 13.55 3.47 25.6 
Calcium 20.47 15.85 77.4 14.70 1.99 13.5 
Sodium 1.00 0.03 3.0 0.74 0.09 12.2 
Potassium 1.40 0.14 10.0 0.18 0.01 5.6 
Titanium 0.33 0.01 3.0 3.77 0.03 0.8 
Phosphorus 0.11 0.10 90.9 0.08 0.05 62.5 
Cerium 33.00 26.90 81.5 26.00 5.56 21.4 
Lanthanum 16.00 34.50 215.6 9.80 8.78 89.6 
Lithium 9.00 7.10 78.9 4.20 0.00 0.0 
Scandium 5.20 2.00 38.5 55.00 2.00 3.6 
Strontium 222.00 104.30 47.0 266.00 117.67 44.2 
Yttrium 16.40 5.80 35.4 14.00 0.33 2.4 
Bismuth 0.07 22.50 32142.9 0.19 14.67 7601.0 
Cobalt 11.00 5.80 52.7 87.00 27.00 31.0 
Chromium 27.00 7,00 25.9 430.00 8.22 1.9 
Copper 17.00 9.60 56.5 134.00 92.11 68.7 
Manganese 359.80 - 326.89 - 
Molybdenum 2.00 38.80 1940.0 0.87 24.00 2758.6 
Nickel 14.00 11.70 83.6 193.00 67.11 34.8 
Lead 13.00 0.00 0.0 10.00 22.44 224.4 
Antimony 0.29 44.50 15344.8 0.86 37.22 4327.9 
Vanadium 36.00 10.40 28.9 526.00 14.11 2.7 
Zinc 50.00 28.20 56.4 191.00 95.00 49.7 
Cadmium 0.12 2.70 2250.0 0.17 4.22 2511.9 
Barium 290.00 25.80 8.9 61.00 10.56 17.3 
Arsenic 
1 
7.00 195.80 1 2797.1 1 
1 
0,71 195.00 26712.3 
Table 9.5 Comparison of reference values (Potts et al., 1992) for certified reference 
materials used in analyses with those obtained through analysis with a nitric acid digestion 
procedure. Figures in bold type have a precision better than 10 %. Figures underlined are 
of uncertain precision due to either being based on a small number of results (<3), 
possessing a disparity in the reported results, or being derived from only one "non- 
defmitive" analytical technique. 
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Element Sub-sample 
1 
Sub-sample 
2 
Sub-sample 
3 
Sub-sample 
4 
Aluminium (AI203) 3.85 3.97 3.83 3.68 
Iron (Fe2O3) 3.85 3.84 3.08 3.53 
Magnesium (NIgO) 7.31 7.21 7.22 7.35 
Calcium (CaO) 9.83 9.78 9.81 9.95 
Sodium (NazO) 0.01 0.01 0.01 0.00 
Potassium (K20) 0.19 0.18 0.19 0.21 
Titanium (T102) <0.005 <0.005 <0.005 <0.005 
Phosphorus (P=OS) 0.08 0.08 0.07 0.08 
Cerium 16 15 16 16 
Lanthanum 24 22 25 24 
Lithium 29 28 29 31 
Scandium 9 7 8 7 
Strontium 33 32 37 31 
Yttrium 5 5 4 5 
Bismuth 44 42 44 43 
Cobalt 49 52 45 48 
Chromium 384 381 401 376 
Copper 29 26 29 28 
Manganese 554 559 564 542 
Molybdenum 19 18 19 19 
Nickel 846 875 845 856 
Lead 23 23 25 22 
Antimony 37 40 42 35 
Vanadium 26 24 26 25 
Zinc 39 41 38 38 
Cadmium -1 -2 -1 -1 
Barium 25 24 26 24 
Arsenic 65 67 65 66 
Table 9.6 Sub-samples of a single sample to assess variability in result 
due to sieving in preparation. 
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Ig of air-dried sample. l 
Agitate for one hour with IM 
magnesium chloride solution 
Wash 
Agitate for two hours with lM 
sodium acetate, acidified to pH 5.0 
with acetic acid. 
1. Exchangeable 
cations. 
2. Carbonate 
bound metals. 
Wash 
Agitate for one hour with 1MI 
Ammonia solution. 
Acidify to pH 1.0 with 
concentrated hydrochloric 
acid. 
3. Fulvic 
Wash 
Agitate for one hour with 
acidified 0.1 M hydroxlamine 
hydrochloride. 
Mix with Tamm's reagent 
and leave to stand in the 
dark for two hours. 
Heat at 80°C for one hour 
in 33 % concentrated nitric acid. 
Wash 
Residue 
Heat for one hour at 80°C 
with acidified hydrogen 
peroxide. 
4. Humic 
fraction 
5. Secondary 
manganese 
6. Secondary 
iron oxides. 
7. Pseudo-total 
extraction. 
Figure 9.2 Sequential extraction scheme (Modified from Breward et al., 1996) 
106 
5 öö 
Ln u) U) Un Un In .- Ln .- C7 In U) .- U) 
do °° $8 °° 9QS8v °° ov ov Ov 
w 
IT r- U) U) LD .- U) Un U) .- tn ý- ý- U) ö 
vSvvvö 
ti öö t5 ö 
vv öo OvSOV ý]S 
ö 
U)U)ipLQgL U)Iß LO U)U)U)U) U) S v SSS Qi Qi 
0ývv Vv v 
W - 
LQ tQ LQ LQ IQ U) to LO U) U) U) U) U) to . 4 Oý Oý 0 QOM Oý fý 09999 
ý 
W 
C SQ lj'ý SQ q to 40 In In In 
q In In (V In U3 In 
O 
SU. 1 SU. i 
CS Jý dVS ovS vVvIC V5 
w f) .- lA In Ö ýQ O 1n ö In U) öOO ö § 
I 9Svv 9 SS S 
N oQSQSVV v v V 
LLl 
Ö § §§ ÖÖÖOOÖÖOOÖddÖ 
s 
Oý- 
"O0vvvvvvVvvvvvv Sv 
V v 
W 
Ö 
O C, 4 Ö - Ö 
ÜýNy 
aý 
EN 
5 ti NEEvE . N 70MLdCU22 
;Ö 01--o Vy (Cp C o Mu Q_M 
a 
0 
aý 
.a 
aý 
aý $i 
10 
a. + 
00 
cý 
E'" 
107 
a) 
E 
C E 
E 
Ü 
0 
m y 
cn 0) wo N n 
J ) ,, 00) 
rrrr >- r >- 
> 
c 0 
2c mm W OOOOOOOOOOOO 
ZZZZZ}ZZZZZ=Z} 
iC 
ý§O, to 
N"" "- " 1n a0 0 .. IA IA 
ý°ýS SS SS SHS 
E SS 
P (V IA N lA lA to 1A to In IA lA lA N 
E Q $8 Qgssssss9 ° ss es 
2 
'It P" d s s 99? 999 ° o? s ss 
s8 ýý s OONRO 
7 
U) N to IA c0 N a0 IA QD (O ON GO UA 
mmsg(q (') v) mvo-if; 9(')9 9d999 
3 
fl) ö 
0E 
EÖvE EEE 
_ 
1Iii HJJ! JIIL Ld 
w 
1 ! ! 
I 
rD 
b 
ö 
2 
N 
0 
t 
ti 
e" 
w 
N 
y 
OÖ 
N 
ÜQ 
1221 
W 
S 
0' 
«s H 
108 
ö Sg 
k 
E c c V c 
o U) 
nmm v) ww. wßäiw, ui w (0 (n 0) ui (n w" " w, www. ww }}}}} }}}}}}} 
c o_ . 19 
co 
000p0 VI 0p wwwww ZZZ }. }. }}}. 
0U0N0 (0 VI (N 0 (0 Ul 
w ZZwzwwwwww ý. }}}}}}} 
U 
>C 
U) 
£ 
Ip O Rj UA M'T q t- VOO f'- 
O 
§ 
t0 
.S 
8aDN . - 
E 
a0 Ö 
SSO 
öPtQtil - in - intn R C) tnu) - u) 
E 99 S 
v co 
to 
ýp ( In op co Ö (V S 
O (h 
S 
tn Q 9 
s$8 
' 
88$8 X 38 88 
b OO (" ) -N .-O ('4"- 
VVU) 
"""" " 
m ac 
0 to In N to IA GO N GO In (O <O O lA 00 to 
co 
S°SSS 
co § 
8 
ö 
0 ýä ^ 
E0EE EE 
'A E2 
zo -2 
v 
Cyp ýp 
O Eý0 LmU 
EE "- 
o_ C La 
LW- Q Ua(. ) cr i, 9(. ) Z i>i"1m 
b 
ö 
a) 
äý 
a¢i ý. 
ö 
b 
ä? 
i 
w 
U, 2 
N 4) 
"ý vi 
40. 
«i H 
109 
4) 
CC 
40 4) 
C C' C L 
m 
E 
W al 
20 7 
0 
7 
3 
cc0 
"3 r >- r} r} >- >) >- 
o 
.5 
I- 
Nn Oo N(0 o00 }} Z} ZZZ 
oN o(0(O NoNo (n 
Z Z>> Z} Z>- , 
It NQ tO -VMMMQM cv (h 
OOOp 
E 
1A 1A IA UA In IA lA IA lA q 1A Un 9E888 9E888E E8 
E E8E8E 
H (1 Ing1A N OO 
000 9 
OcOch o 9 
99 
ý88ý 8 888 R18 8 
oößiý :$° ooov ýro 
$ to ID 1A Nq lA u0 of 00 UA (, 0 O to GO q 
Mg$ 
8°999 
M lý (7 f'n IT r- In SMp 1/ 
-0 -Oa 
EOVE 
0 
.2 49 z 
ý W ö `6 ý ý ,91> m Ü c i0a. co v i c ý i U 
I 
5i 
b 
ö 
ti aý 
N 
N 
ý`' 
(ii 
0 
ca U 
aý 
0 
I 
v 0 
ö 
w O 
ö 
M 
8 
N 
4r 
W 
A 
O 
8 
cu 
a 
H 
2 
w 
w° to 
aý 
110 
C 
E 
U 
M 
CO (0(0 `n nu 
t 
>n 
mc o N q)o o t, ooNooron (0 (0 (n n (n a, (D wWa, a, a, ww zzzzzz} z> 
£ 
U9 (5 
to q In UA t0 cV ýQ t0 OD IT 00 . - 
c' 00 se 99 
ÖOÖO 
E 
r e- In to ul Ui to to to In Ui .- Ui U) Ui U) § 
E 
§o99999 e999 ö 
E ese 
r- W) to U) tn C4 ým (1U) 
ý Oo88Oesseeý'°0O`ýý°Oý$ 
Ui 
v) 0) 9Q ri lh cn ch v, U) 9 ri 9 
eeY O 
V V 
M 
ö0 0ý ä- W0 
E0E2 I E EEE 
O'C 
C 
CL 
c 0 
w >nm Q A. OO0 
g 
ö 
N 
aý 
r N äý 
ý" 
w 
U 
CO 
4) 
Co 
N 
4-I 
O 
O 
. 
U 
W 
O 
I 
N 
ON 
N 
H 
a> 
U 
U 
I F. 
2 
G) 
111 
CL 
aoOOOwOOOO 
}}>ZZ}ZZZZ 
OO 
}}Z}Z5 
ID r tý 1ý (h ('4 C') IA (4 U) - U) - 8 
S)) gN .-N <O 
Q00 00BBB 
ei 
I 
V 
r IA tq IA lA uA IA 0 In IA vA N 
99999999 0 999 E S$ 8. 
IA (1 O In (O IA -- l A vn N IM 1- N (h N 
p OQOO. 9OBO vi 
9 ÜN000 «) 
BB 
HH SÖ 
1n 
88 8 
QÖ Q 
2ýS 
N Inf 0g0g30 
IA N IlI IA GD N CD to (D 0O to Co lA 
ei c99 in in mei ein 9«)9 
90999 
0 
_n 0iä 
o VESEEE E 
SuatcE 22 E 
w z 3 äe 0(L c0 000 ýzý>nim 
0 
ö 
ö 
y ". r 
N 
O 
N 
N 
140. 
ýä 
p 
I 
aý 
w 
0 
'-r 
112 
möm 
E 
cc 
ýn ( ýn U) ýn Un ui v) Un !n uý Un u) Un 
N ü5 r}}NNwrrNNNNNw !U ü1 !U }}}}}}}}}}}} 
EO NW0 fA NNp V1 p0 Uf V) N !nN U) UI J1 UI NNNNNNNNNNNNNNN 
.-Ns. :ö l0 cv r- to .-- CO t0 ý lA 0O (h 
80 l ýCM 08 - 9 E 
In In U) In In 0 .- t0 uD to IA 
öööos98989 ý 889 
(! §§O 1+ to 't aD O.. aD 
'" OOOO (4() 0 cO cri ch 88 0 00 
8 99F429$899 °°F2' ffiA 
ýy(ý M Co (0 
f0 
r- 20 cd NN ui Nö ms 
N 
r 
fff Tö 
ýan %n IA IA uA GD N a0 to f0 (O O In CO IA 
o(hýi$gM(9(n 
h ýNB0 
9°998 
0 
öö o ry 2Öa 
ýOVEöEEEE 
E U - 
vý OZ > m ü ý `ý ( w ý aa cn ý ) N v ¢c 
I 
ö 
t 
w 
UU 
.ýv 
NJ 
O 
f'V 
iC 
U 
O 
.+U 
0- 8. 
ti 
N 
W 
O 
O 
Oi 
N 
cC 
H 
113 
$ 
aNi 
NJ vy 
Q(n 
0 cc o) 
6i 4) Q (D aa) 
a) 
11) 
a) 
U) a) U) W Ui (D 
ac o ,nmw (0 (n nn ý) Un m it (0 vý n cn n uý n vý a, c, a, a, a, a) a, a, a, as wv u) aw a, a, a, a, a, 
c+i VVOÖÖ 
E 
d-OOO 
c 
Q 01 m 141 rN GD t0 m ýD h 1ý Qý1 N 
C 
ý+ý! 
V )o OOW 
It In NN lA (V IA ch 
N C, 
ÖNH IB 
OHOF a0 tý0 01 
E (n m0 .-ÖOÖ of ÖÖ to If IT h- qm1,0 
10 0 IA N to to dD N GO to t0 (D O U) O U) 
9d999 
n 
EÖVEE 
_ J_ EE3 Er 
2-5 6E 
ä ö ý7 ý ö t 2 d ä ii 7 w 5 aa ýmc ý UUU2z. ý>nm 
2 
w° aý 
aý 
.0 
I 
ö 
w 0 
4w 
.. r 
tu 
ai 
v 
rý 
U) 
aý 
w 0 
aý 
U 
I 
114 
Element Extraction 
1 2 3 4 5 6 7 
A1203     
Fe203     
CaO      
K20  
P205      
Ce    
La    
Sc  
Sr    
Y 
Co    
Cr    
Cu    
Mn        
Ni        
Pb     
V   
Zn     
Ba     
Table 9.16 Summary table of the extractions in which elements can be reliably detected 
and are usable in the interpretations. 
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Resistivity miler 
Figure 10.1 Twin-probe array resistivity meter. 
20 mrAres 
9 
Vi 
c 
0 cv 
m 
X Sample point 
0S 
metres 
Figure 10.2 Zig-zag sampling strategy for resistivity survey. 
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0.5 mdres 
11 11 
Size Class Size in Millimetres 
Gravel 
2.00 
S Coarse Sand 
A 0.60 
N Medium Sand 
D 0.20(-212µm) 
Fine Sand 
0.06 
S Coarse Silt 
I 0.02 
L Medium Silt 
T 0.006 
Fine Silt 
0.002 
Clay 
Table 11.1 The British Standards Institution grain-size classification (Brady, 1990). 
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Element Mean soil content 
for 1995 samples 
Pottery Iron Slag Lime Slag 
Aluminium (AI203) 1.81 (0.07 - 3.91) 2.75 2.13 5.06 
Iron (Fe2Oj) 2.05 (0.07 - 5.24) 0.65 21.71 0.95 
Magnesium (MgO) 3.04 (<0.005 - 11.38) 0.47 1.23 0.25 
Calcium (CaO) 5.64 (0.13 - 18.85) 0.98 5.15 5.33 
Sodium (Na2O) 0.02 (<0.005 - 0.38) 0.03 0.15 0.29 
Potassium (K20) 0.16 (<0.005 - 0.59) 0.11 1.33 0.13 
Phosphorus(P20s) 0.22 (<0.005 - 0.73) 0.05 0.20 0.07 
Cerium (Ce) 20.8(1-53) 22 22 16 
Lanthanum (La) 19.9 (<0.5 - 42) 18 22 19 
Scandium (Sc) 3.7 (<0.5 - 8) 3 3 1 
Strontium (Sr) 24.2 (<0.5 -135) 15 79 110 
Yttrimn (Y) 7.2 (<0.5 - 19) 8 5 3 
Cobalt (Co) 38.3 (1 - 191) 100 41 85 
Chromium (Cr) 137.1 (6 -429) 38 54 10 
Copper(Cu) 33.4 (<0.5 - 72) 28 25 6 
Manganese (Mn) 753.5 (19 - 1532) 443 388 184 
Nickel (Ni) 472.3 (22 - 2492) 105 79 14 
Lead (Ph) 29.7 (<0.5 - 73) 30 21 38 
Vanadium (V) 21.1(1-42) 14 27 9 
Zinc (Zn) 42.9 (<0.5 - 87) 26 10 27 
Barium (BA) 62.6 (1 - 152) 62 198 56 
Table 12.2 Average composition (arithmetic mean of three sub-samples) for three 
archaeological materials found on sites in Boeotia. 
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N 
0 
0 
Hut wall 
0 
000 0 
Entance 
way 
" Fire 
0 
0 Surface soil sample 
QSuifice and sub-surface sample 
01 
" metres 
Figure 12.1 Sampling strategy of the Earthwatch hut at Castell Henilys Iron age reconstruction 
settlement. 
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tp g U) O U) 0 
cv r 
pos paup-ne 6 y&u pos paup-im 6 i6w 
IL) () U) N tO - U) 0 
cv, N 1- Ö 
Nos gaup me aew Bw 
Surface 
Soil A 
Subsurface 
Soil A 
Surface 
Soil B 
Subsurface 
Soil B 
Aluminium, (AI203) 2.50 2.63 2.71 2.57 
Iron (FC203) 3.34 3.36 3.73 3.61 
Magnesium (MgO) 0.61 0.62 0.49 0.65 
Calcium (CaO) 0.10 0.14 0.26 0.52 
Sodium (Na2O) 0.01 <0.005 0.03 0.03 
Potassium (K20) 0.07 0.06 0.16 0.14 
Phosphorus (P205) 0.08 0.08 0.47 0.33 
Cerium (Cc) 8 9 11 9 
Landmum (La) 4 4 6 6 
Scandium (Sc) 2 3 2 1 
Strontium (Sr) 5 7 17 25 
Yttrium (Y) 2 2 3 2 
Cobalt (Co) 11 9 13 11 
Chromium (Cr) 19 20 18 18 
Copper (Cu) 22 21 41 32 
Manganese (W) 684 359 1903 1190 
Nickel (Ni) 22 21 17 18 
Lead (Pb) 32 33 39 37 
Vanadium (V) 22 23 19 18 
Zinc (Zn) 53 52 59 60 
Barium (Ba) 33 26 116 74 
Table 12.3 Comparison of element concentrations of surface and sub-surface soil 
samples from two sample points (soil A is in the north and soil B is in the south of 
the Earthwatch hut). 
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Charcoal clamp Potter y kiln 
Inside Outside Inside Outside 
Aluminium (A1203) 2.80 1.87 1.79 1.68 
Iron (Fc2Oý) 3.59 2.76 2.73 2.59 
Magnesium (MgO) 0.59 0.47 0.41 0.38 
Calcium (CaO) 0.33 0.16 0.05 0.14 
Sodium (Na2O) 0.05 0.01 <0.005 <0.005 
Potassium (K20) 0.19 0.06 0.06 0.06 
Phosphorus (P20s) 0.18 0.09 0.12 0.20 
Cerium (Cc) 18 15 12 11 
Lanthanum (La) 10 7 5 5 
Scandium (Sc) 3 2 1 1 
Strontium (Sr) 23 7 3 12 
Yttriurn (Y) 4 5 3 3 
Cobalt (Co) I1 10 8 9 
Chromium (Cr) 18 15 14 13 
Coppcr(Cu) 13 19 19 24 
Manganese (Mn) 986 648 610 968 
Nickel (Ni) 20 18 14 15 
Lcad(Pb) 42 33 36 34 
Vanadium (V) 28 19 18 17 
Zinc (Zn) 73 49 52 61 
Barium (Ba) 50 39 31 56ý 
Table 12.4 Comparison of element concentrations in samples collected 
from inside and outside the remains of a charcoal clamp and pottery 
kiln at Castell Henllys, Wales. 
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Fresh Cow 
Midden 
Fresh Hen Burnt Hen 
Midden Midden 
Aluminiurn (A1203) 0.02 0.26 0.74 
Iron (Fe203) 0.04 0.38 0.60 
Magnesium (MgO) 0.57 0.75 3.89 
Calcium (CaO) 1.53 1.31 10.17 
Sodium (Na20) 0.24 0.07 2.12 
Potassium (K20) 1.90 1.05 15.13 
Phosphorus (P205) 0.42 1.06 2.41 
Cerium (Ce) 4 5 17 
Lanthanum (La) 8 7 26 
Scandiurn (Sc) <0.5 <0.5 1 
Strontium (Sr) 33 30 172 
Yttriurn (Y) <0.5 12 
Cobalt (Co) 2 26 
Chromium (Cr) <0.5 48 
Copper (Cu) 59 43 43 
Manganese (Mn) 203 238 1099 
Nickel (Ni) 125 102 15 
Lead (Pb) 12 46 25 
Vanadium (V) 1 7 12 
Zinc (Zn) 84 225 516 
Barium (Ba) 53 39 196 
Table 12.5 Comparison of element concentrations in midden 
samples from a rare breeds farm at Tow Law. 
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Figure 12.4d Calcium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4e Sodium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4f Potassium concentration of soil samples from two transects progressing away 
from a road. 
127 
20 30 40 50 
metres from the road 
20 30 40 50 
metres from the road 
0.20 
0.16 
Ö 0.12-- 
0.08-- 
0.04 
0.00-- 
10 
Transact 1 
Transect 2 
Figure 12.4g Phosphorus concentration of soil samples from two transects progressing 
away ftom a road. 
Figure 12.4h Cerium concentration of soil samples ftom two transects progressing away 
ftom a road. 
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Figure 12.41 Lanthanum concentration of soil samples from two transects progressing 
away from a road. 
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Figure 12.4j Scandium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4k Strontium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.41 Yttrium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4m Cobalt concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4n Chromium concentration of soil samples from two transects progressing 
away ftom a road. 
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Figure 12.4o Copper concentration of SOII samples from two transects progressing away 
from a road. 
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Figure 12.4p Manganese concentration of soil samples from two transects progressing 
away from a road. 
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Figure 12.4q Nickel concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4s Vanadium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 12.4t Zinc concentration of soil samples from two transects progressing away from 
a road. 
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Figure 12.4u Barium concentration of soil samples from two transects progressing away 
from a road. 
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Figure 13.2 Contour plot showmg the percentage of the soil below the particle size 212 pm 
at control area I- 
Function %< 212 ýtni 
Arithmetic mean 11.80 
Minimum 19.32 
Maximum 6.26 
Standard deviation 3.79 
Skewness 0.30 
Table 13.1 Statistical data for particle size analysis at control area 1. Values are expressed 
as percentage of total soil weight that the soil fraction with a particle size less than 212 pm 
accounts for. 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Aluminium (A603) 3.0-4.5 4.75-5.00 13.3b 
Magnesium (WO) 2.0-6.0 13.3d 
Calcium (CaO) 1.0-5.0 5.0-9.0 13.31 
PrAassiurn (KzO) 0,05-0.30 13.3h 
Cerium (Ce) 15-20 21-28 28-33 13.3j 
Lanthanum (La) 16-21 21-27 113.31 
Strontium (Sr) 10-40 13.3n 
Yttriurn (Y) 5-8 8-11 13.3p 
Cobalt (Co) 20-60 6D-75 13.3r 
Chromium (Cr) 100-400 400-500 13.3t 
copper (Cu) 28-36 40-65 13.3v 
k0langanese (Mn) 500-1200 13.3x 
Nickel (NQ 200-400 4004M 8M-1000 13.3z 
Lead (Pb) 10-25 25-45 13.30 
Zinc (Zn) 38-55 55-70 13.38 
Barium (Ba) 15-30 30-55 13.3ý 
Table 13.5 Table showing the estimated number and range of populations of each 
element for the samples from control area one, based on the cumulative frequency 
diagrams for each element. Each population range has been given a colour coding 
to indicate what, if any, association the range has. The associations are blue for 
calcareous rocks, green for laterite rocks and red for a bias to the east of tile grid 
and probable association with site VM64. A range in black has no association and 
a range that has two colours is linked with both those associations. 
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Figure 13.3a Contour plot of surface soil alurninium concentrations at control area 1. 
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Figure 13.3b Plot of surfhce soil aluminium concentration and cumulative frequency (%) for 
control area 1. 
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Figure 13.3c Contour plot of surface soil magnesium concentrations at control area 1. 
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Figure 13.3d Plot of surface soil magnesium concentration and cumulative fi-equency (%) for 
control area 1. 
140 
0 metres 60 
Calcim (% cao) 
= 
Tn. 
ABCNE ltoo 
10.00 -I too 
20 
9.00- 10.00 
&00 - 
7.00 - 
9.00 
&QQ 
6.00 - 7.00 
5.00 - 0.00 
440 - 5.00 3.00 - 4,00 
2.00 - a00 
1.00 2.00 
BELOW too 
Figure 13.3e Contour plot of surface soil calcium concentrations at control area 1. 
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Figure 13.3f Plot of surface soil calcium concentration and cumulative frequency (1/o) for 
control area 1. 
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Figure 13.3g Contour plot of surface soil potassium concentrations at control area 1. 
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Figure 13.3h Plot of surface soil potassium concentration and cumulative frequency (0/6) for 
control area 1. 
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Figure 13.3i Contour plot of surface soil cerium concentrations at control area 1. 
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Figure 13.3j Plot of surface soil cerium concentration and cumulative frequency (1/6) for control 
area 1. 
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Figure 13.3k Contour plot of surface soil lanthanum concentrations at control area 1. 
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Figure 13.31 Plot of surface soil lanthanum. concentration and cumulative frequency C/o) for 
control area 1. 
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Figure 13.3m Contour plot of surface soil strontium concentrations at control area 1. 
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Figure 13.3n Plot of surface soil strontium concentration and cumulative frequency (0/6) for 
control area 1. 
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Figure 13.3o Contour plot of surface soil yttrium concentrations at control area 1. 
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Figure 13.3p Plot of surface soil yttrium concentration and cumulative frequency (%) for 
control area 1. 
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Figure 13.3q Contour plot of surface soil cobalt concentrations at control area 1. 
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Figure 13.3r Plot of surface soil cobalt concentration and cumulative fi-equency (/o) for control 
area 1. 
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Figure 13.3s Contour plot of surface soil chromium concentration at control area 1. 
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Figure 13.3t Plot of surface soil chromium concentration and cumulative frequency (%) for 
control area 1. 
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Figure 13.3u Contour plot of surface soil copper concentrations at control area 1. 
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Figure 13.3v Plot of surface soil copper concentration and cumulative frequency C/o) for 
control area 1. 
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Figure 13.3w Contour plot of surface soil manganese concentrations at control area 1. 
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Figure 13.3x Plot of surface soil manganese concentration and cumulative frequency (%) for 
control area 1. 
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Figure 13.3y Contour plot of surface soil nickel concentrations at control area 1. 
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Figure 13.3z Plot of surface soil nickel concentration and cumulative frequency Clo) for control 
area 1. 
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Figure 13.3a Contour plot of surface soil lead concentrations at control area 1. 
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Figure 13.3p Plot of surface soil lead concentration and cumulative frequency (/o) for control 
area 1. 
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Figure 13.3y Contour plot of surface soil zinc concentrations at control area 1. 
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Figure 13.38 Plot of surface soil zinc concentration and cumulative frequency (%) fbr control 
area 1. 
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Figure 13.3s Contour plot of surface soil barium concentrations at control area 1. 
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Figure 13.3ý Plot of surface soil barium concentration and cumulative fi-equency (1/o) for 
control area 1. 
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Figure 13.5 Contour plot showing the percentage of the soil below the particle size 212 pm 
at control area 2. 
Function %< 212 ýLm 
Arithmetic mean 11.52 
Minimum 7.33 
Maximum 22.47 
Standard deviation 3.37 
Skewness 2.00 
Table 13.6 Statistical data for particle size analysis at control area 2. Values are expressed 
as percentage of total soil weight that the soil fi-action with a particle size less than 212 pm 
accounts fbr. 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Alinniriium (A6%) 335-4.50 4.5D-5.3D 5,30-650 13.6b 
Magnesium (MgO) 3.0-10.0 13.6d 
Calcium (CaO) 2.0-6.0 6.0-9.0 9.0-12.0 13.6f 
Potassium (K20) 0.1 D-0.22 0.22-030 13.6h 
Cerium (Ce) 13-20 13. q 
Lanthanum (La) 13-20 20-30 13.61 
Strwitium (Sr) 10-25 3D-40 13.6n 
Yttrium (Y) 5-11 13.6p 
Cobalt (Go) 40-50 5D-65 6C-ý80 13.6r 
Copper (Cu) 27-37 13.6t 
h0langanese (W) 5OD-775 775-950 9CO- 1250 13.6v 
Nickel (NQ 600-775 775-900 900- 1200 13.6x 
Lead (Pb) 20-35 35-55 13.6z 
Zinc (Zn) 45-70 13.60 
Barium (Be) 20-30 3D40 
1- 
40-55 13.66 
Table 13.10 Table showing the estimated number and range of populations of 
each element for the samples from control area two, based on the cumulative 
frequency diagrams of each element. Each population range has been given a 
colour coding to indicate its association. The associations are blue for 
calcareous, green for range appearing in a band running south-west from north- 
east comer, red fbr range occurring in the south of the control area and black 
where no association was found. 
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Figure 13.6a. Contour plot of surfhce soil aluminium concentration at control area 2. 
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Figure 13.6b Plot of surface soil aluminium concentration and cumulative frequency (0/6) for 
control area 2. 
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Figure 13.6c Contour plot of surface soil magnesium concentration at control area 2. 
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Figure 13.6d Plot of surface soil magnesium concentration and cumulative frequency (0/6) for 
control area 2. 
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Figure 13.6e Contour plot of surface soil calcium concentration at control area 2. 
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Figure 13.6f Plot of surface soil calcium concentration and cumulative frequency (1/6) for 
control area 2. 
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Figure 13.6g Contour plot of surface soil potassium concentration at control area 2. 
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Figure 13.6h Plot of surface soil potassium concentration and cumulative frequency (0/6) for 
control area 2. 
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Figure 13.6i Contour plot of surface soil cerium concentration at control area 
2. 
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Figure 13.6j Plot of sur&ce soil cerium concentration and cumulative frequency (%) 
for control 
area 2. 
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Figure 13.6k Contour plot of surface soil lanthanum concentration at control area 2. 
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Figure 13.61 Plot of surface soil lanthanum concentration and cumulative frequency (%) for 
control area 2. 
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Figure 13.6m Contour plot of surface soil strontium concentration at control area 2. 
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Figure 13.6n Plot of surface soil strontium concentration and cumulative frequency (%) for 
control area 2. 
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Figure 13.6o Contour plot of surface soil yttrium concentration at control area 2. 
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Figure 13.6p Plot of surface soil yttrium concentration and cumulative frequency (1/6) for 
control area 2. 
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Figure 13.6r Plot of surface soil cobalt concentration and cumulative frequency (%) for control 
area 2. 
169 
50 
Copper 
(Pprn CU) 
ASM 35 
34-35 
33-34 
31 -32 
; )o - 31 
29-30 
25-29 
27-20 
20-27 
25-20 
BELDW 25 
I 
__ 
___ 
V. 
0 Melres 5U 
Figure 13.6s Contour plot of surface soil copper concentration at control area 2. 
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Figure 13.6t Plot of surface soil copper concentration and cumulative frequency C/o) for control 
area 2. 
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Figure 13.6u Contour plot of surface soil manganese concentration at control area 2. 
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Figure 13.6v Plot of surface soil manganese concentration and cumulative frequency Clo) fbr 
control area 2. 
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Figure 13.6w Contour plot of surface soil nickel concentration at control area 2. 
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Figure 13.6x Plot of surface soil nickel concentration and cumulative frequency (%) for control 
area 2. 
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Figure 13.6y Contour plot of surface soil lead concentration at control area 2. 
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Figure 13.8z Plot of surface soil lead concentration and cumulative frequency (0/6) for control 
area 2. 
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Figure 13.6a Contour plot of surface soil zinc concentration at control area 2. 
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Figure 13.6p Plot of surface soil zinc concentration and cumulative frequency (0/6) for control 
area 2. 
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Figure 13.68 Plot of surface soil barium concentration and cumulative frequency (1/6) for 
control area 2. 
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Figure 14.1 Relationship between surveys at Hyettos city. 
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Figure 14.3 Contour plot showing the percentage particle size below 212 pm for surface soil 
samples of the 1994 Hyettos survey. 
Function %< 212 ýtm 
Arithmetic mean 7.0 
Minimum 20.9 
Maximum 3.0 
Standard deviation 3.0 
Skewness 2.3 
Table 14.1 Statistical data for the percentage particle size below 212 pin for the 1994 surface 
soil survey of Hyettos city. 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Aluminlurn (AI203) 1.7-2.4 2.5-3 3.1-35 14.3b 
Calcium (CaO) 0.3-0.5 0.5-1.0 1,0-1.5 14.3d 
Potassium (K20) 0,15-0.25 0.27-0.40 14.3f 
PhOSPhOrUS (P205) 0.05-0.17 0.17-0.30 14.3h 
Cerium (Ce) 7-11 11-22 22-28 14.3j 
Lanthanum (La) 7-10 IOA4 14-20 M. 31 
Strontium (Sr) 7-12 12-18 14.3n 
Yttrium (Y) 3-6 6-8 14.3p 
Cobalt (Co) 70-90 9D-1 10 110-150 14.3r 
copper (Cu) 222U-27 30-45 14.3t 
Wnganese (Mn) 600-Ow 800-1000 1100-1400 14.3v 
Nickel (Ni) 1400-1500 1600-1800 1,900-2200 14.3x 
Lead (Pb) 3D-40 40-50 50-6D 14.3z 
Zinc (Zn) 50-70 7D-80 85-95 14.3p 
Barium (Ba) 50-90 9D-1`10 115-1301 14.38 
Table 14.5 Table showing the estimated number and range of populations for each 
element in the 1994 surface soil survey, based on the cumulative frequency diagrams 
for each element. The colour of the range depicts the association of that population - Red is a population associated with the city core. Blue is a population associated with 
the city periphery. Green is a population associated with the ultrabasic rock at the end 
of the transects. Populations in more than one colour are fbund in more than one 
association, the portion of the range that each association accounts for is indicated by 
the colouring. 
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Figure 14.4a Contour plot of surface soil aluminium concentration for the 1994 survey of 
Hyettos. 
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Figure 14.4b Plot of the cumulative frequency (1/6) for the aluminium concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4c Contour plot of surface soil calcium concentration for the 1994 survey of 
Hyettos. 
100.00% 
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Figure 14.4d Plot of the cumulative frequency (%) for the calcium concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4e Contour plot of surface soil potassium concentration for the 1994 survey of 
Hyettos. 
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Figure 14.4f Plot of the cumulative frequency Clo) for the potassium concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4g Contour plot of surface soil phosphorus concentration for the 1994 survey of 
Hyettos. 
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Figure 14.4h Plot of the cumulative frequency (0/6) for the phosphorus concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4i Contour plot of surface soil cerium concentration for the 1994 survey of Hyettos. 
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Figure 14.4j Plot of the cumulative frequency (%) for the cerium concentration of 1994 surface 
soil samples from Hyettos. 
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Figure 14.4k Contour plot of surface soil lanthanum concentration for the 1994 survey of 
Hyettos, 
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Figure 14.41 Plot of the cumulative frequency (0/6) for the lanthanum concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4m Contour plot of surface soil strontium concentration for the 1994 survey of 
Hyettos. 
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Figure 14.4n Plot of the cumulative frequency (1/6) for the strontium concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4o Contour plot of surface soil yttrium concentration for the 1994 survey of Hyettos. 
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Figure 14.4p Plot of the cumulative fi-equency (%) for the yttrium concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4q Contour plot of surface soil cobalt concentration fbr the 1994 survey of Hyettos. 
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Figure 14.4r Plot of the cumulative frequency (0/6) for the cobalt concentration of 1994 surface 
soil samples from Hyettos. 
191 
Copper 
(Rpm Cu) 
ABDVE 45 
40 - 45 
35- 40 
30 - 35 
25- 30 
20- 25 ... 
BELOW 20 
380 nwtre5 from city core 0 
Figure 14.4s Contour plot of surface soil copper concentration for the 1994 survey of Hyettos. 
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Figure 14.4t Plot of the cumulative frequency (0/6) for the copper concentration of 1994 surface 
soil samples from Hyettos. 
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Figure 14.4u Caytour plot of surface soil manganese conceritration fbr the 1994 survey of 
Hyettos. 
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Figure 14.4v Plot of the cumulative frequency (0/6) for the manganese concentration of 1994 
surface soil samples from Hyettos. 
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Figure 14.4w Contour plot of surface soil nickel concentration for the 1994 survey of Hyettos. 
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Figure 14.4x Plot of the cumulative frequency ('Yo) for the nickel concentration of 1994 surface 
soil samples from Hyettos. 
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Figure 14.4y Contour plot of surface soil lead concentration for the 1994 survey of Hyettos. 
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Figure 14.4z Plot of the cumulative frequency (/o) for the lead concentration of 1994 surface 
soil samples from Hyettos. 
195 
Zinc 
(Ppm Zn) 
Figure 14.4a Contour plot of surface soil zinc concentration for the 1994 survey of Hyettos. 
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Figure 14.4p Plot of the cumulative frequency C/o) for the zinc concentration of 1994 surface 
soil samples from Hyettos. 
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Figure 14.4y Contour plot of surface soil barium concentration for the 1994 survey of Hyettos. 
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Figure 14.46 Plot of the cumulative frequency (%) for the barium concentration of 1994 
surface soil samples from Hyettos. 
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Element Population 
1 
Population 
2 
Population 
3 
Aluminium (A603) 0.8-1.2 1.2-1.8 
Iron (Fe2O3) 2.5-3.0 3.0-5.0 
Magnesium (MgO) 6.0-8.0 9,0-10.0 
Calcium (CaO) 0.5-2.0 20-70 
Sodium (Na2O) 0,01-0.06 
Potassium (K20) 0.1 M. 20 0.20-050 
Phosphorus (P205) 0.05-0.10 0.40-0.70 
Cerium (Ce) 5-13 13-18 18-24 
Lanthanum (La) 5ý8 10-14 16-25 
Scandiurn (Sc) 3-7 
Strontium (Sr) 5-15 20-40 
Yttrium (Y) 2-4 4-6 6-9 
Cobalt (Co) 50-80 120-160 
Chrorniurn (Cr) 170-190 190-220 230-350 
Copper (Cu) 10-25 30-45 
Manganese (Mn) 700-800 800-900 gw-i5oo 
Nickel (Ni) 8OD- 1100 11OD-1500 15OD-2000 
Lead (Pb) 30-50 60-75 
Vanadium (V) 18-28 
Zinc (Zn) 35-60 60-85 
Bariurn (Ba) 9D-120 
Table 14.9 Table showing the estimated number and range of populations of 
each element for the 1995 surface soil suvery of Hyettos city. Populations are 
drawn from the cumulative frequency diagrams (figures 14.7a - 14.7g and 
14.9a - 14.9n). The colour of the range indicates whether the population is 
associated with either the city core (red), city periphery (blue) or to the 
ultrabasic rocks of grid 4 (green). A population in two colours indicates that 
that population is found in those two associations and the colour gives an 
indication of which part of the population range is found in each association. 
An element with only one population is given a colour to indicate the area with 
the highest values. 
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Figure 14.6a to 14.6g. Combined bar chart and high-low line graph showing the relationship 
between sherd density (blue colurrms) and the range of soil concentration of major elements 
(high-low line graph) for each of the four soil sampling grids of the 1995 survey. The tick mark 
of the high-low lines represents the arithmetic mean of the range. 
18 
16 
E 12 
10 
8 
6 'DE 
2 
0 
2.00 
1.80 
1.60 
1.40 
1.20 
1.00 
0.80 
0.60 
0.40 
0.20 
0.00 
V. 
0 
E 
C 
(I 
Figure 14.6a Relationship between surface soil sherd density and aluminium concentration. 
18 
16 
14 
E 12 
Le 
lo 
8 
06 
(0 
0 
6.00 
5.00 
4.00 
3.00 
2.00 
1.00 
0.00 
0 
LL 
aR 
Figure 14.6b Relationship between surface soil sherd density and iron concentration. 
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Figure 14.6c Relationship between surface soil sherd density and magnesium concentration - 
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Figure 14.6d Relationship between surfkce soil sherd density and calcium concentration 
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Figure 14.6e Relationship between surffice soil sherd density and sodium concentration. 
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Figure 14.6f Relationship between surface soil sherd density and potassium concentration. 
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Figure 14.6g Relationship between surface soil sherd density and phosphorus concentration. 
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Figures 14.7a to 14.7g Plats showing the per cent cumulative frequency of major element 
concentrations from the 1995 samples of Hyettos. 
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Figure 14.7a Plot of the cumulative frequency (%) for the alurninium, concentration of 
samples. 
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Figure 14.7b Plot of the cumulative ftNuency Clo) for the iron concentration of samples. 
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Figure 14.7c Plot of the cumulative frequency (%) for the magnesium concentration of 
samples. 
206 
100. OD% 
E 
C) 
10. OD% 
% cao 
Figure 14.7d Plot of the cumulative frequency (%) for the calcium concentration of 
samples. 
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Figure 14.7e Plot of the cumulative frequency (%) for the sodium concentration of 
samples. 
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Figure 14.7f Plot of the cumulative frequency (9/6) for the potassium concentration of 
samples. 
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Figure 14.7g Plot of the cumulative frequency (%) for the phosphorus concentration of 
samples. 
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Figure 14.8a to 14.8n. Combined bar chart and high-low line graph showing the 
relationship between sherd density (blue columns) and the range of soil concentration of 
minor and trace elements (high-low line graph) for each of the four soil sampling grids of 
the 1995 survey. The tick mark of the high-low lines represents the arithmetic mean of the 
range. 
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Figure 14.8a Relationship between surface soil sherd density and cerium concentration. 
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Figure 14.8b Relationship between surface soil sherd density and lanthanum concentration. 
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Figure 14.8c Relationship between surface soil sherd density and scandium concentration. 
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Figure 14.8d Relationship between surface soil sherd density and strontium concentration. 
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Figure 14.8e Relationship between surface soil sherd density and yttrium concentration. 
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Figure 14.8f Relationship between surface soil sherd density and cobalt concentration. 
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Figure 14.8g Relationship between surface soil sherd density and chromium concentration. 
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Figure 14.8h Relationship between surface soil sherd density and copper concentration. 
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Figure 14.8i Relationship between surface soil sherd density and manganese concentration. 
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Figure 14.8j Relationship between surface soil sherd density and nickel concentration. 
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Figure 14.8k Relationship between surface soil sherd density and lead concentration. 
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Figure 14.81 Relationship between surface soil sherd density and vanadium concentration. 
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Figure 14.8m Relationship between surface soil sherd density and zinc concentration. 
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Figure 14.8n Relationship between surface soil sherd density and barium concentration - 
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Figures 14.9a to 14.9n Plots showing the per cent cumulative frequency of minor and trace 
element concentrations from the 1995 samples of Hyettos. 
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Figure 14.9a Plot of the cumulative frequency (0/6) for the cerium concentration of samples. 
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Figure 14.9b Plot of the cumulative frequency (%) for the lanthanum concentration of 
samples. 
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Figure 14.9c Plot of the cumulative frequency (%) fbr the scandium concentration of 
samples. 
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Figure 14.9d Plot of the cumulative frequency (%) for the strontium concentration of 
samples. 
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Figure 14.9e Plot of the cumulative frequency (0/6) for the yftrium. concentration of 
samples. 
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Figure 14.9f Plot of the cumulative frequency (0/6) fbr the cobalt concentration of samples. 
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Figure 14.9g Plot of the cumulative frequency (0/6) for the chromium concentration of 
samples. 
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Figure 14.9h Plot of the cumulative frequency (%) for the copper concentration of samples. 
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Figure 14.9i Plot of the cumulative frequency (/o) for the manganese concentration of 
samples. 
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Figure 14.9j Plot of the cumulative frequency (0/6) for the nickel concentration of samples. 
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Figure 14.9k Plot of the cumulative frequency (/o) fbr the lead concentration of samples. 
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Figure 14.91 Plot of the cumulative frequency (1/6) for the vanadium concentration of 
samples. 
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Figure 14.9m Plot of the cumulative frequency (0/6) for the zinc concentration of samples. 
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Figure 14.9n Plot of the cumulative frequency (%) for the barium concentration of 
samples. 
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Figure 14.1 Oa Bar-chart plot of soil profile aluminium concentration for the Hyettos city 
survey. 
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Figure 14.1 Ob Bar-chart plot of soil profile iron concentration for the Hyettos city survey. 
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Figure 14.10c Bar-chart plot of soil profile calcium concentration for the Hyettos city 
survey. 
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Figure 14.1 Od Bar-chart plot of soil profile sodium concentration for the Hyettos city 
survey. 
% K20 
0.05 0.1 0.15 0.2 
0-5cm 
10-15crr 
4) 
US 20-25cm 
a Grid 1 soil pit 
ým Grid 4 soil pit 
30-35cm 
Figure 14.1 Oe Bar-chart plot of soil profile potassium concentration for the Hyettos city 
survey. 
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Figure 14.1 Of Bar-chart plot of soil profile phosphorus concentration for the Hyettos city 
survey. 
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Figure 14.1 Og Bar-chart plot of soil profile cerium concentration for the Hyettos city 
survey. 
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Figure 14.10h Bar-chart plot of soil profile lanthanum concentration for the Hyettos city 
survey. 
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Figure 14.101 Bar-chart plot of soil profile strontium concentration for the Hyettos city 
survey. 
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Figure 14.1 Oj Bar-chart plot of soil profile yttnum concentration for the Hyettos city 
survey. 
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Figure 14.1 Ok Bar-chart plot of soil profile cobalt concentration for the Hyettos city 
survey. 
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Figure 14.101 Bar-chart plot of soil profile chromium concentration for the Hyettos city 
survey. 
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Figure 14.1 Om Bar-chart plot of soil profile copper concentration for the Hyettos city 
survey. 
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Figure 14.1 On Bar-chart plot of soil profile manganese concentration for the Hyettos city 
survey. 
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Figure 14.1 Oo Bar-chart plot of soil profile nickel concentration for the Hyettos city 
survey. 
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Figure 14.1 Op Bar-chart plot of soil profile lead concentration for the Hyettos city survey. 
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Figure 14.1 Oq Bar-chart plot of soil profile zinc concentration for the Hyettos city survey. 
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Figure 14.1 Or Bar-chart plot of soil profile barium concentration for the Hyettos city 
survey. 
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Figure 15.1 Relationship between the soil surveys, surface sherd densities and field 
boundaries at Askra. 227 
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Figure 15.3a Surfhce soil aluminium concentration of samples from the 1994 Askra, survey 
transect. 
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Figure 15.3b Surface soil magnesium concentntion of samples from the 1994 Askra survey 
transect. 
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Figure 15.3c Surface soil calcium concentration of samples from the 1994 Askra surveY 
transect. 
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Figure 15.3d Surface soil potassium concentration of samples, from the 1994 Askra survey 
transect. 
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Figure 15.3e Surface soil phosphorus concentration of samples from the 1994 Askra survey 
transect. 
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Figure 15.3f Surface soil cerium concentration of samples ftorn the 1994 Askra survey 
transect. 
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Figure 15.3g Surface soil lanthanum concentration of samples from the 1994 Askra survey 
transect. 
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Figure 15.3h Surface soil strontium concentration of samples from the 1994 Askra survey 
transect. 
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Figure 15.31 Surface soil yttrium concentration of samples from the 1994 Askra survey 
transect. 
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Figure 15.3j Surface soil cobalt concentration of samples from the 1994 Askra survey transect. 
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Figure 15.3k Surface soil copper concentration of swnples from the 1994 Askra survey 
transect. 
1200-- 
looo-- 
800-- 
E 60D 
400-- 
200-- 
oý 
0 
Figure 15.31 Surface soil manganese concentration of samples from the 1994 Askra. survey 
transect. 
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Figure 15.3m Surface soil nickel concentration of samples from the 1994 Askra survey 
transect. 
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Figure 15.3n Surface soil lead concentration of samples from the 1994 Askra. survey transect. 
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Figure 15.3o Surface soil zmc concentration of samples from the 1994 Askra survey transect. 
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Figure 15.3p Surface soil barium concentration of samples from the 1994 Askra survey 
transect. 
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Element Population Population Population Population Population Figurc 
1 2 3 4 5 
Aluminium (A1203) 0-90-1-15 1.15-1.55 1ý55-1.16 15.5b 
Iron (FeA) 1.00-1.20 1.20-1 ý9 
15.5d 
Magnesium (MgO) 0.3-0.5 0.5-1 15.5f 
Calcium (CaO) 0.5-5.5 15.5h 
Potassium (K20) 0.05-0.13 0.13-0.22 W22-0.26 15.5j 
Phosphorus (P205) 0.03-0.15 0.15-0.20 0.20-0.2.3 ) 0,24-0.28 15.51 
Cerium (Ce) 20-55 15.5n 
Lanthanurn (La) 13-24 15.5p 
Strontium (Sr) 7-17 15.5r 
Cobalt (Co) 12-24 15.5t 
Chromium (Cr) 17-19 20-30 32-35 35-40 15.5v 
Copper (Cu) 20-40 40-50 15.5x 
Manganese 500-700 700-1250 15.5z 
Nickel (Ni) 50-100 105-115 15.50 
Lead (Pb) 20-32 32-59 15.58 
Vanadium (V) 16-28 28-30 15.5ý 
Zinc (Zn) 13-21 21-39 39-49 15.50 
Barium (Ba) 60-100 100-155 15.5K 
Table 15.8 Estimated range and number of populations for elements in samples from the 
1995 surface soil survey of Askra, based on cumulative frequency diagrams (figures 15.5b 
- 15.5r, ). The numbers are colour coded to indicate the association of the population. Red 
indicates an association with grids one and two, the core of Askra. Blue indicates an 
association with grids three and four, the outside Askra grids. Green indicates an 
association with grid 3 and olive green for an association with both grid one and three 
242 
10 
9 
8 
15 
U) 
2 
1 
0 
2 
1.8 
1.6 
1.4 
1.2 
0.8 
0.6 
0.4 
0.2 
0 
Figure 15.5a Relationship between surface soil sherd density (columns) and aluminium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of aluminium, range. 
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Figure 15.5b Plot of the cumulative frequency (O/o) of aluminium concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5c Relationship between surface soil sherd density (columns) and iron concentration 
for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic mean of iron 
range. 
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Figure 15.5d Plot of the cumulative frequency (/o) of iron concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5e Relationship between surface soil sherd density (columns) and magnesium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of magnesium range. 
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Figure 15.5f Plot of the cumulative frequency (1/6) of magnesium concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5g Relationship between surface soil sherd density (columns) and calcium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of calcium range. 
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Figure 15.5h Plot of the cumulative frequency (%) of calcium concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5i Relationship between surfhce soil sherd density (columns) and potassium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of potassium range. 
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Figure 15.5j Plot of the cumulative frequency (%) of potassium concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5k Relationship between surface soil sherd density (columns) and phosphorus 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of phosphorus range. 
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Figure 15.51 Plot of the cumulative ftequency (0/6) of phosphorus concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5m Relationship between surface soil sberd density (columns) and cerium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of cerium range. 
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Figure 15.5n Plot of the cumulative fi-equency (%) of cerium concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5o Relationship between surface soil sherd density (columns) and lanthanum 
concentration for the 1995 survey of Askra. Tick mark on high-low Imes indicates arithmetic 
mean of lanthanum range. 
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Figure 15.5p Plot of the cumulative frequency (0/6) of lanthanurn concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5q Relationship between surface soil sherd density (columns) and strontium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of strontium range. 
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Figure 15.5r Plot of the cumulative frequency (%) of strontium concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5s Relationship between surface soil sherd density (columns) and cobalt 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of cobalt range. 
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Figure 15.5t Plot of the cumulative frequency (%) of cobalt concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5u Relationship between surface soil sherd density (columns) and chromium 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of chromium range. 
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Figure 15.5v Plot of the cumulative frequency (0/6) of chromium concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5w Relationship between surface soil sherd density (columns) and copper 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of copper range. 
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Figure 15.5x Plot of the cumulative frequency (0/6) of copper concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5y Relationship between surface soil sherd density (columns) and manganese 
concentration for the 1995 survey of Askra. Tick mark on high-low Imes indicates arithmetic 
mean of manganese range. 
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Figure 15.5z Plot of the cumulative frequency (*/o) of manganese concentration for the surface 
soil samples of the 1995 survey of Askra. 
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Figure 15.5(x Relationship between surface soil sherd density (columns) and nickel 
concentration for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of nickel range. 
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Figure 15.5p Plot of the cumulative frequency (%) of nickel concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.57 Relationship between surface soil sherd density (columns) and lead concentration 
for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic mean of lead 
range. 
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Figure 15.55 Plot of the cumulative frequency (%) of lead concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5s Relationship between surface soil sherd density (columns) and vanadium 
concentration fbr the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of vanadium range. 
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Figure 15.5ý Plot of the cumulative frequency (%) of vanadium concentration for the surface 
soil samples of the 1995 survey of Askra. 
258 
Grid I Grid 2 Grid 3 Grid 4 
10 
9 
8 
E7 
rp 
E 
g5 
co3 
2 
1 
0 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 
Figure 15.5-q Relationship between surface soil sherd density (columns) and zinc concentration 
for the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic mean of zinc 
range. 
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Figure 15.50 Plot of the cumulative frequency (/o) of zinc concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.5t Relationship between surface soil sherd density (columns) and barium 
concentration fbr the 1995 survey of Askra. Tick mark on high-low lines indicates arithmetic 
mean of barium range. 
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Figure 15.5ic Plot of the cumulative frequency (%) of barium concentration for the surface soil 
samples of the 1995 survey of Askra. 
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Figure 15.6a Companson of aluminium concentration for grid one and four soil pit profiles 
of the 1995 Askra survey. 
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Figure 15.6b Comparison of iron concentration for grid one and four soil pit profiles of the 
1995 Askra survey. 
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Figure 15.6c Comparison of magnesium concentration for grid one and four soil pit 
profiles of the 1995 Askra survey. 
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Figure 15.6d Comparison of calcium concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.6e Comparison of potassium concentration for gnd one and four soil pit profiles 
of the 1995 Askra survey. 
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Figure 15.6f Comparison of phosphorus concentration for grid one and four soil pit 
profiles of the 1995 Askra survey. 
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Figure 15.6g Comparison of cerium concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.6h Comparison of cobalt concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.61 Comparison of chromium concentration for grid one and four soil pit profiles 
of the 1995 Askra survey. 
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Figure 15.6j Comparison of copper concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
0 
0-5cm 
10-15cm 
20-25cm 
30-35cm 
40-45cm 
N Grid 1 soil pit 
13 Grid 4 soil pit, 
Figure 15.6k Comparison of manganese concentration for grid one and four soil pit 
profiles of the 1995 Askra survey. 
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Figure 15.61 Comparison of nickel concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.6m Comparison of lead concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.6n Comparison of vanadium concentration for grid one and four soil pit profiles 
of the 1995 Askra survey. 
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Figure 15.6o Comparison of zinc concentration for grid one and four soil pit profiles of the 
1995 Askra survey. 
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Figure 15.6p Comparison of barium concentration for grid one and four soil pit profiles of 
the 1995 Askra survey. 
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Figure 15.8b Interpretation of twin-probe resistance data for site VM4. 
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Figure 15.9 Contour plot showing the percentage particle size below 212 wn at VM4. 
Function % 
Average 22.97 
Maximum 32.52 
Minimum 12.10 
S. D. 5.52 
Skewness -0.03 
Table 15.9 Statistical data for particle size at VM4 (% < 212 Vm) 
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Element Population I Population 2 Population 3 Figure 
Aluminium (A1203) 0.9-1-5 1.6-1.9 2.0-2.3 15.10b 
Iron (Fe2O3) 1.0-2.8 15.10d 
Mapesium NO) 0.5-. 1.5 
Calcium (CSO) 1-8 15.1 Oh 
Potassium (K20) 0.10-'ý 15.10j 
Phosphorus (P205) 0.1-0.3 03-05, 15.101 
Cerium (Cc) I 'k - 
ýý 
." 
23-32 3241 15.10n 
Imithanurn (La) 18-24 15.10p 
Yttrium (Y) 9-18 15.1or 
Cobalt (Co) 17-26 15.10t 
Chromium (Cr) 65-200 15.10V 
Copper (CU) 25-32 32-16 15.1ox 
Mangause (hb) 550-950 950-1300 15.10Z 
Nickel (Ni) 200-550 15.10P 
L. ead (Ph) 17-34 34-49 15.108 
Vanaditan (V) 21 21-31 15AK 
Zinc (Zn) 15.100 
Barium (Ba) w)-94; 95-120 15.10K 
Table 15.13 Estimated range and number of populations for elements in samples 
from the surface soil survey of VM4, based on cumulative frequency diagrams 
(figures 15.1 Ob - 15.1 Ox). The numbers are colour coded to indicate the association 
of the population. Red indicates an association with the structures in the west of the 
survey area. Blue indicates an association with the east of the survey area. Green 
indicates an association with the church. Olive green for an association with the 
structures in west of survey area and between the terraces at I 10 m and 2 10 in. Grey 
indicates an association with the church and the east of the survey area. 
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Figure 15.1 Oa Contour plot of surface soil aluminium concentration at VM4. 
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Figure 15.1 Ob Plot of the cumulative frequency (*/o) of aluminturn concentration for 
surface soil VM4 samples. 
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Figure 15.10c Contour plot of surface soil iron concentration at VM4. 
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Figure 15.1 Od Plot of the cumulative frequency (0/6) of iron concentration for surface soil 
VM4 samples. 
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Figure 15.1 Oe Contour plot of surface soil magnesium concentration at VM4. 
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Figure 15.1 Of Plot of the cumulative frequency (*/o) of magnesium concentration for 
surface soil VM4 samples. 
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Figure 15.1 Og Contour plot of surface soil calcium concentration at VM4. 
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Figure 15.1 Oh Plot of the cumulative frequency (/o) of calcium concentration for surface 
soil VM4 samples. 
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Figure 15.1 Oi Contour plot of surface soil potassium concentration at VM4. 
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Figure 15.1 oj plot of the cumulative frequency (0/6) of potassium concentration fbr surface 
soil VM4 samples. 
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Figure 15.1 Ok Contour plot of surface soil phosphorus concentration at VM4. 
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Figure 15 
ý 
101 Plot of the cumulative frequencY (*/o) of phosphorus concentration fbr 
surface soil VM4 samples. 
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Figure 15.10m Contour plot of surface soil cerium concentration at VM4. 
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Figure 15.1 On Plot of the cumulative frequency ('Yo) of cerium concentration fbr surface 
soil VM4 samples. 
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Figure 15 
-I 
Oo, Contour plot of surface soil lanthanum concentration at VM4. 
I 
LL 10. OD% I 
I. OD% 
ppm La 
Figure 15 10p Plo( of the cumulative frequency (%) of lanthanum concentration for surface 
soil VM4 samples. 
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Figure 15.1 Oq Contour plot of surface soil yttrium concentration at VM4. 
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Figure 15, ]Or Plot of the cumulative frequency (%) of yttrium concentration for surface 
soil VM4 samples. 
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Figure 15.1 Os Contour plot of surface soil cobalt concentration at VM4. 
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Figure 15 10t Plot of the cumulative fi-equency (%) of cobalt concentration fbr surface soil 
VM4 samples 
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Figure IS. I Ou Contour plot of surface soil chronuum concentration at VM4. 
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Figure 15 IN PI(x of the cumulative frequency (%) of chromium concentration fbr surffice 
soil VM4 samples. 
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Figure 15 1 Ow Contour pk* of surface soil copper concentration at VM4. 
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Figure 1 -5 1 Ox Pk* of the cumulative 
frequency (%) of copper concentration fbr surface 
soil VM4 samples 
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Figure 15.1 Oy Contour plot of surface soil manganese concentration at VM4. 
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Figw-e 15.1 Oz Plot of the cumulative ftequency (%) of manganese concentration fbr 
surface soil VM4 samples. 
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Figure 15.1 Ga Caftour plot of surface soil nickel concentration at VM4. 
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Figure 15. IV Pki of the cumulative ftequency (%) of nickel concentration fbr surface soil 
VM4 samples. 
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Figure 15.1 Oy Contour plot of surface soil lead concentration at VM4. 
IOD. ODS 
I 1o 
I fK)% 
ppm Pb 
Figure 15 106 Plot of the cumulative frNuency (0/6) of lead concentration for surface soil 
VM4 samples. 
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FqpLm IS I Oc Cadour plot of surface soil vanadium concentration at VM4. 
I 
IL 
loco% I 
I JCD% 
ppm 
Figure 15 10; Pk)t of the cumulative firequency (1/6) of vanadium concentration fbr surface 
soil VM4 samples. 
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Figure 15 1 OtlContour plot of surface soil zmc concentration at VM4. 
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Figure 15 100 PkI of the cumulabve frequency (*/*) of zinc concentration fbr surface soil 
VM4 swWles 
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Figum IS, I Ot Contour plot of surface soil banurn concentration at VM4. 
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Fqpre 15 1 OK PkK of the cumulative frequency (%) of banum concentration fbr surface 
soil VM4 samples. 
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Figure 15.12 Contour plot showmg the percentage particle size below 212 pzn at Rhadon. 
Function % 
Average 22.37 
Maximum 28.74 
Minimum 14.98 
S. D. 3.58 
Skewness -0.28 
Table 15.14 Statistical data for particle size at Rhadon (% < 212 pm) 
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Element Population 
1 
Population 
2 
Population 
3 
Population 
4 
Figure 
Aluminium (Aý03) 1 3-2-4 2.43.0 3. OA. 0 15.13b 
iron (Fe203) I ý0- 
1.5 15-21 2.1-2.7 2.7-3.4 15.13d 
Magnesium (MgO) I. D-2.4 2.4-3.5 15.13f 
calcium (Cao) 5-10 i ý) 13-15 15.13h 
Sodium (Na2O) O. OM. 05 OAO-0.15 15.13j 
Potassium (K20) 0.10-G60 15.131 
Phosphorus (P205) 0.15-0.35 15.13n 
Cerium (Ce) 24-34 15.13p 
Lanthanurn (La) 22-'ýc: 15.13r 
Scandlurn (Sc) 2-8 '15.131: 
Strontium (Sr) 15-22 22-30 30-35 15.13v 
Cobalt (GO) 20-34 34-60 15.13x 
Chromium (Cr) 5B-85 85-115 15.13z 
Copper (Cu) 3D-41 41-48 15.130 
Manganese (Mn) 600-750 .. 11 ýý ý1 15.138 
Nickel (Ni) 150-125 325-425 15.13ý 
Lead (Pb) 7-16 1 6A5 15.130 
Vanadium (V) 19-28 2BA2 15.1 
Zinc (Zn) 30-39 39-48 48-56 15.13p 
Barium (Ba) 4D-54 54-60 15.131 
Table 15.18 Estimated range and number of populations for elements in samples 
from the surface soil survey of Rhadon, based on cumulative frequency diagrams 
(figures 15.13b - 15.13, c). The numbers are colour coded to indicate the 
association of the population. Red indicates an association with the lower terrace 
of the village, magenta indicates an association with the upper terrace of the village 
and olive green an association with both. Blue indicates an association with the 
east of the survey area. Cyan indicates an association with both the east of the 
survey grid and with the lower terrace of the village. Green indicates an association 
upper terrace of the village and the south central area of the survey grid. 
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Akuniný (% AM3) 
Figure 15.13a Contour plot of surface soil aluminium concentration at Rhadon. 
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Figure 15.13b Plot of the cumulative frequency C/6) fbr the alurninium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13c Contour plot of surface soil iron concentration at Rhadon. 
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Figure 15.13d Plot of the cumulative frequency (%) for the iron concentration of surface 
soil samples from Rhadon. 
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Figure 15.13e Contour plot of surffice soil magnesium concentration at Rhadon. 
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Figure 15.13f Plot of the cumulative frequency (0/6) for the magnesium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13g Contour plot of surface soil calcium concentration at Rhadon. 
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Figure 15.13h Plot of the cumulative frequency (/o) fbr the calcium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13i Contour plot of surface soil sodium concentration at Rhadon. 
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Figure 15.13j Plot of the cumulative ftequency (%) for the sodium concentration of surface 
soil samples from Rhadon. 
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Potassium (% K20) 
Figure 15.13k Contour plot of surface soil potassium concentration at Rhadon. 
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Figure 15.131 Plot of the cumulative fTequency e/o) for the potassium omcentration of 
surface soil samples from Rhadon. 
303 
Phosphorus (% P205) 
ABOVE am 
0.60 095 
0.55 0.60 
0.50 am 
1143 - 0.30 
0.40 - 0.45 
0.35 - 9.40 
9. Jo - O. M 
9.25 - am 
1120 -025 
(k 13 - 020 
BELOW 0.15 
Figure 15.13m Contour plot of surface soil phosphorus concentration at Rhadon. 
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Figure 15.13n Plot of the cumulative frequency (0/6) for the phosphorus concentration of 
surface soil samples from Rhadon. 
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Figure 15.13o Contour plot of surface soil cerium concentration at Rhadon. 
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Figure 15.13p Plot of the cumulative frequency (1/o) for the cerium concentration of surface 
soil samples from Rhadon. 
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Figure 15.13q Contour plot of surface soil lanthanum concentration at Rhadon. 
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Figure 15.13r Plot of the cumulative frequency (0/6) for the lanthanum concentration of 
surface soil samples from Rhadon. 
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Figure 15.13s Contour plot of surface soil scandium concentration at Rhadon. 
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Figure 15.13t Plot of the cumulative frequency (0/6) for the scandium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13u Contour plot of surface soil strontium concentration at Rhadon. 
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Figure 15.13v Plot of the cumulative frequency (0/6) for the strontium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13w Contour plot of surface soil cobalt concentration at Rhadon. 
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Figure 15.13x Plot of the cumulative frequency (%) for the cobalt concentration of surface 
soil samples from Rhadon. 
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Figure 15.13y Contour plot of surface soil chromium concentration at Rhadon. 
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Figure 15.13z Plot of the cumulative frequency (1/6) for the chromium concentration of 
surface soil samples ftorn Rhadon. 
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Copper 
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Figure 15.13a Contour plot of surface soil copper concentration at Rhadon. 
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Figure 15.13P Plot of the cumulative frequency (%) for the copper concentration of 
surface soil samples from Rhadon. 
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Figure 15.13y Contour plot of surface soil manganese concentration at Rhadon. 
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Figure 15.138 Plot of the cumulative frequency (0/6) for the manganese concentration of 
surface soil samples from Rhadon. 
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Figure 15.13s Contour plot of surface soil nickel concentration at Rhadon. 
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Figure 15.13ý Plot of the cumulative frequency (%) for the nickel concentration of surface 
soil samples from Rhadon. 
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Figure 15.131l Contour plot of surface soil lead concentration at Rhadon. 
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Figure 15.130 Plot of the cumulative frequency (0/6) for the lead concentration of surface 
soil samples from Rhadon. 
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Figure 15.13t Contour plot of surface soil vanadium concentration at Rhadon. 
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Figure 15.13ic Plot of the cumulative frequency (0/6) for the vanadium concentration of 
surface soil samples from Rhadon. 
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Figure 15.13ýL Plot of the cumulative frequency (0/6) fbr the zinc concentration of surface 
soil samples from Rhadon. 
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Figure 15.13v Contour plot of surface soil barium concentration at Rhadon, 
iOD. OD% 
>1 
10.00% 
1.00% 
ppm Ba 
Figure 15.13o Plot of the cumulative frequency (0/6) for the banum concentration of 
surface soil samples from Rhadon. 
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Figure 16.1 The relationship between surveys carried out prior to this 
thesis. 
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14 'igure 16.3 Contour plot showing the topography 
survey of VIV170. Features shown are (A) a house 
platform, (B) a field-wal I, and (C) a terrace. The 
contour values are related to the base station of 
321 
the survey, which was given the nominal value of 
I 
Figure 16.4 The relationship between visibility corrected sherd 
densities (from Bintliff, 1997) and topography. 
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Figure 16.5 Rubble distribution at VM70 (Gafffiey, 1990) 
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Figure 16.6a Tile distribution at VM70 (Gafffiey, 1990) 
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Figure 16.6b Magnetic Susceptibility at VM70 (Gaffney, 1990) 
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Figure 16.7a Grey-scale plot of twin-probe resistance data for site VM70. 
Figure 16.7b Interpretation of twin probe resistance data for site VM70. High resistance 
features are shown in red and low resistance features are shown in blue. 
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Figure 16.8 Contour plot showing the percentage particle size below 212 jim for the 1994 
surface soil survey of VM70. 
Function % 
Arithmetic mean 9.22 
Minimum 5.08 
Maximum 15.97 
Standard deviation 2.72 
Skewness 0.72 
Table 16.2 Statistical data for percentage particle size below 212 Pm of samples from the 
1994 surface soil survey of VM70. 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Aluminium (A603) 2.50-3.50 3 5D-6 75 16.9b 
Iron (Fe203) 2.5-4.0 4 MýO 16.9d 
Magnesium (MgO) 5.75-8.25 16.9f 
Calcium (CaO) 3-11 11-19 16.9h 
Potassium (K20) 0.10-0.20 D. 22ý0.45 16.91 
Cerium (Ce) 15-22 16.91 
Lanthanum (La) 14-25 25-34 16.9n 
Scandium (Sc) 4-8 B-16 16.9p 
Strontium (Sr) 12-5B 16.9r 
Yttrium (Y) 3-4 4-9 16.9t 
Cobalt (Co) 38-48 48-78 16.9v 
Chromium (Cr) 3OD-450 45"50 16.9x 
Copper (Cu) 19-27 27-40 16.9z 
Manganese (Mn) 400-550 550-1150 16.9p 
Nickel (Ni) 650-800 800-1200 16.96 
Lead (Pb) 0-12 12-30 30-54 16. K 
Zinc (Zn) 26-46 46-66 16.90 
Barium (Ba) 16- 24-52 16.9K 
Table 16.6 Table showing the estimated number and range of 
populations for each element for the 1994 surface soil survey of VM70, 
based on cumulative frequency diagrams (figures 16.9b - 16.9K). The 
numbers are colour coded to indicate the association of the population. 
Red indicates an association with the archaeological features of the main 
survey grid. Blue indicates an association with the west area of the 
survey grid. 
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Figure 16.9a Contour plot of surface soil alununium concentration at VM70 for the 1994 
soil survey. 
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Figure 16.9b Plot of the cumulative frequency (%) for the alumimum concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9c Contour plot of surface soil iron concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.9b Plot of the cumulative frequency (%) for the iron concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16,9e Contour plot of surface soil magnesium concentration at VM70 for the 1994 
sollsurvey. 
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Figure 16.9f Plot of the cumulative ftequency (1/6) for the magnesium concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9g Contour plot of surface soil calcium concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.9h Plot of the cumulative frequency (0/6) fbr the calcium concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.91 Contour plot of surface soil potassium concentration at VM70 for the 1994 
soil survey. 
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Figure 16.9j Plot of the cumulative frequency (0/6) for the potassium concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9k Contour plot of surface soil cerium concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.91 Plot of the cumulative frequency (0/6) for the cerium concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.9m Contour plot of surface soil lanthanum concentration at VM70 for the 1994 
soil survey. 
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Figure 16.9n Plot of the cumulative frequency (%) for the lanthanum concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9o Contour plot of surface soil scandium concentration at VM70 for the 1994 
soil survey. 
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Figure 16.9p Plot of the cumulative frequency (0/6) for the scandium concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9q Contour plot of surface soil strontium concentration at VM70 for the 1994 
soilsurvey. 
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Figure 16.9r Plot of the cumulative frequency (%) for the strontium concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9s Contour plot of surface soil yttrium concentration at VM70 for the 1994 soil 
survey. 
100.00% 
LL 
10.00% 
E 
I. OD% 
ppm Y 
Figure 16.9t Plot of the cumulative frequency (0/6) for the yttrium concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.9u Contour plot of surface soil cobalt concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.9v Plot of the cumulative frequency (0/6) for the cobalt concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.9w Contour plot of surface soil chromium concentration at VM70 for the 1994 
soilsurvey. 
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Figure 16.9x Plot of the cumulative frequency (0/6) for the chromium concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9y Contour plot of surface soil copper concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.9z Plot of the cumulative frequency (%) for the copper concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.9a Contour plot of surface soil manganese concentration at VM70 for the 1994 
soilsurvey. 
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Figure 16.9p Plot of the cumulative frequency (0/6) for the manganese concentration of 
surface soil samples from the 1994 soil survey of VM70. 
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Figure 16.9y Contour plot of surflice soil nickel concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.98 Plot of the cumulative frequency (%) for the nickel concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Figure 16.9& Contour plot of surface soil lead concentration at 
VM70 for the 1994 soil 
survey. 
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Figure 16.9TI Contour plot of surface soil zinc concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.90 Plot of the cumulative frequency (%) fbr the zMc concentration of surface 
soil samples from the 1994 soil survey of VM70- 
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Figure 16.9t Contour plot of surface soil barium concentration at VM70 for the 1994 soil 
survey. 
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Figure 16.9-K Plot of the cumulative frequency (0/6) for the barium concentration of surface 
soil samples from the 1994 soil survey of VM70. 
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Aluminium (A1,0. ) resufts for 1995 samples (%) 
Figure 16.1 Oa Comparison of 1904 and I ()Q5 results for surface soil alumlillurn 
concentration. Tlie regression line is shown above and in following diagrams. 
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Figure 16.1 Ob Comparison of I QQ4 and 19()5 results for surface soil iron concentration. 
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Nbgnesium (NbO) resufts for 1995 samples (%) 
Figure 16.10c Comparison of I Q94 and I QQ5 results for Surface soil magnesium 
concentration. 
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Calcium (CaO) results for 1995 samples (%) 
Figure 16.10d Comparison of lQ()4 and IP95 results for surface soil calcium 
concentration. 
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Potassium (K 20) results for 1995 samples (%) 
Figure 16.1 Oe Comparison of I Q94 and IQQ5 results for surface soil potassium 
concentration. 
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Figure 16.1 Of Comparison of 1994 and 1095 results for surface soil phosphorus 
concentration. 
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Cerium results for 1995 samples (ppm) 
Figure 16.1 Og Comparison of 1994 and 1995 results for surface soil cerium concentration. 
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Figure 16.1011 Comparison of I QQ4 and 19P5 results for surface sol I lanthanuni 
concentration. 
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Figure 16.101 Comparison of 1994 and 1995 results for surface soil scandium 
concentration. 
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Figure 16.1 Oj Corriparison of 1994 and 1 P95 results for surface soil strontium 
concentration. 
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Figure 16. l0k Comparison of 19()4 and 1995 results for surface soil yttrium concentration. 
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Figure 16.101 Comparison of 1994 and 1995 results for surface soil cobalt concentration . 
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Figure 16.10m Comparison of 1994 and 19()5 results for surface soil chromium 
concentration. 
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Figure 16.10o Comparison of I Q94 and 1995 results for surface soil manganese 
concentration. 
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Figure 16.1 Op Comparison of 1994 and I Q95 results for surface soil nickel concentration. 
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Figure 16.1 Oq Comparison of I Q94 and 1995 results for surface soil lead concentration. 
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Figure 16.1 Or Comparison of 1904 and I Q95 results for surface soil vanadium 
concentration. 
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Figure 16.10s Comparison of IQQ4 and lQ95 results for surface soil zinc concentration. 
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Figure 16.10t Comparison of 1994 and 1995 results for surface soil barium concentration. 
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Figure 16.11 Contour plot showing the percentage particle size below 212 pm for the 1995 
surface sampling of VM70. 
Function % 
Arithmetic mean 17.38 
Minimum 10.62 
Maximum 32.89 
S. D. 5.27 
Skewness 0.75 
Table 16.8 Statistical data for the particle size of 1995 surface samples from VM70 
(percentage particle size below 212 pm). 
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Element Population 
1 
Population 
2 
Figure 
Aluminiurn (A1203) 1.0-3,5 16.12b 
Iron (Fe2O3) 1.0-1.5 1,5-3.5 16.12d 
Magnesiurn (MgO) 3.0-7.5 16.12f 
Calcium (CaO) 1. D-19.0 16.12h 
Potassium (K20) 0.02-0.04 0.04-0,18 16.12j 
Phosphorus (P205) 0.03-0.37 16A21 
Cerium (Ce) 10-16 16. i2n 
Lanthanurn (La) 11-12 13-30 16.112p 
Scandium (Sc) 1-2 2-7 16.12r 
Strontium (Sr) 51% 16.121 
Yttriurn (y) 1-7 16.12v 
Cobalt (Co) 20-60 16.12x 
Chromium (Cr) IOD-150 150-275 16.12z 
Copper (Cu) 10-50 16.12P 
Manganese (Mn) 250-9W 500-8w '16.128 
Nickel (Ni) 350-850 116.12ý 
Lead (Pb) 1-17 17-37 16.120 
Vanadium (V) 8-'12 12-36 16.12K 
Zinc (Zn) 13-21 21-45 16.12p 
Barium (Be) 12-36 16.12o 
Table 16.12 Table showing the estimated number and range of populations 
for each element for the 1995 surface soil survey of VM70, based on 
cumulative frequency diagrams (figures 16.12b - 16.12o). The numbers 
are colour coded to indicate the association of the population. Red 
indicates an association with the archaeological features of the main 
survey grid. Blue indicates an association with the west transect. Green 
indicates an association with the south end of the south transect and 
magenta indicates an association with the low resistance ditch features. 
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Figure 16.12a Contour plot of surface soil aluminium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12b Plot of the cumulative frequency (0/6) for the aluminium. concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12c Contour plot of surface soil iron concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12d Plot of the cumulative f*uency (%) for the iron concentration of surface soil 
samples from the 199-5 soil survey of VM70. 
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Figure 16.12e Contour plot of surface soil magnesium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12f Plot of the cumulative frequency (0/6) for the magnesium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12g Contour plot of surface soil calcium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12h Plot of the cumulative frequency (%) for the calcium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12i Contour plot of surface soil potassium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12j Plot of the cumulative frequency (%) for the potassium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12k Contour plot of surface soil phosphorus concentration at VM70 for the 1995 
soil survey. 
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Figure 16.121 Plot of the cumulative frequency (0/. ) for the phosphorus concentration of surface 
soil samples from the 199-5 soil survey of VM70. 
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Figure 16.12m Contour plot of surface soil cerium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12n Plot of the cumulative frequency (0/6) fbr the cerium concentration of surface soil 
samples from the 1995 soil survey of VM70. 
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Figure 16.12o Contour plot of surface soil lanthanum concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12p Plot of the cumulative frequency (0/, D) for the lanthanum concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12q Contour plot of surface soil scandium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12r Plot of the cumulative frequency C/o) fbr the scandium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12s Contour plot of surface soil strontium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12t Plot of the cumulative frequency (/o) for the strontium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12u. Contour plot of surface soil yttnum concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12v Plot of the cumulative frequency (0/,, ) for the yttriurn concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12w Contour plot of surface soil cobalt concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12x Plot of the cumulative frequency (%) for the cobalt concentration of surface soil 
samples from the 1995 soil survey of VM70. 
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Figure 16.12y Contour plot of surface soil chromium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12z Plot of the cumulative frequency (%) for the chromium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12a Contour plot of surface soil copper concentration at VM70 fbr the 1995 soil 
survey. 
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Figure 16.12P Plot of the cumulative frequency (*/o) for the copper concentration of surface soil 
samples from the 1995 soil survey of VM70. 
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Figure 16,12y Contour plot of surface soil manganese concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.128 Plot of the cumulative frequency (/o) for the manganese concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12& Contour plot of surface soil nickel concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12ý Plot of the cumulative frequency (0/, ) for the nickel concentration of surface soil 
samples from the 1995 soil survey of VM70. 
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Figure 16.12TI Contour plot of surface soil lead concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.120 Plot of the cumulative frequency (1/6) for the lead concentration of surface soil 
samples from the 1995 soil survey of VM70. 
378 
vanad2nn 
(pp- V) 
m ABOVE 30 
-! r. - 25 - 30 
20 -25 
15 -20 
IQ - 15 
BELOW 10 
120 
0 
0 260 
Figure 16.12t Contour plot of surface soil vanadium concentration at VM70 for the 1995 soil 
survey. 
100.00% 
>1 
9 10.00% 
1.00% 
. 10% 
ppm 
Figure 16.121c Plot of the cumulative frequency (Yo) for the vanadium concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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Figure 16.12?, Contour plot of surface soil zinc concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12ýL Plot of the cumulative frequency (1/6) for the zinc concentration of surface soil 
samples from the 1995 soil survey of VM70. 
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Figure 16.12v Contour plot of surface soil barium concentration at VM70 for the 1995 soil 
survey. 
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Figure 16.12o Plot of the cumulative frequency (%) for the banum concentration of surface 
soil samples from the 1995 soil survey of VM70. 
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3 4 5 
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10-15cm I OYR 4/2 1 OYR 3.5/3 1 OYR 4/3 1 OYR 4/4 1 OYR 4.5/3 
20-25cm 10YR 3.5/3 10YR 3.5/3 10YR 5.5/4 1 OYR 6/3.5 
30-35cm I OYR 3.5/3 
Table 16.13a Summary table of soil colour of the 1995 soil pit survey samples. 
1 2 
Soil Pit 
3 4 5 
Profile depth (cm) 20 50+ 40+ 45 30 
Depth of archaeological material (cm) 5 50+ 20 8 0 
Root depth (cm) 10 23 20 12 5 
Table 16.13b Summary table of soil profile observations in the 1995 soil pit survey. 
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Figure 16.15 Soil pit 3. 
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Figure 16.17 Soil pit 5 (no archaeological material evident). 
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Figure 16.18 Organic matter content of soil pit samples at VM70 using the loss-on ignition 
method. 
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Figure 16.19 Percentage of soil particle size below 212 ýLrn for the soil pits at VM70. 
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Figure 16.20a Aluminturn concentration of the soil pits at VM70. 
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Figure 16.20b Iron concentration in the soil pits at VM70. 
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Figure 16.20c Magnesium concentration of the soil pits at VM70. 
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Figure 16.20d CaICILIM concentration of the soil pits at VM70. 
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Figure 16.20e Potassium concentration of the soil pits at VM70. 
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Figure 16.20f Phosphorus concentration of the soil pits at VM70. 
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Figure 16.20g Cerium concentration of the soil pits at VM70, 
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Figure 16.201 Strontium concentration of the soil pits at VM70. 
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Figure 16.20k Chromium concentration of the soil pits at VM70 
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Figure 16.201 Copper concentration of the soil pits at VM70. 
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Figure 16.20m Manganese concentration of the soil pits at VM70. 
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Figure 16.20n Nickel concentration of the soil pits at VM70. 
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Figure 16.20o Lead concentration of the soll pits at VM70. 
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Figure 16.20p Vanadium concentration of the soil pits at VM70, 
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Figure 16.20q Zinc concentration of the soil pits at VM70. 
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Figure 16.20r Barium concentration of the soil pits at VM70. 
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Figure 16.2 1a Calcium concentration in extraction I (exchangeable cations) samples from 
VM70 soil pits. 
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Figure 16.21b Calcium concentration in extraction 2 (carbonate bound) samples from 
VM70 soil pits. 
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Figure 16.2 1c Calcium concentration in extraction 3 (fulvic fraction) samples from VM70 
soil pits. 
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Figure 16.2 1d Calcium concentration in extraction 5 (secondary manganese oxides) 
samples from VM70 soil pits. 
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Figure 16.2 1e Calcium concentration in extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.22a Lanthanum concentration in extraction I (exchangeable cations) samples 
from VM70 soil pits 
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Figure 16.22b Lanthanum concentration in extraction 2 (carbonate bound) samples from 
VM70 soil pits 
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Figure 16.22c Lanthanurn concentration in extraction 7 (pseudo-total) samples from VM70 
soil pits 
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Figure 16.23a Strontium concentration in extraction I (excliangeable cations) samples 
from VM70 soil pits 
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Figure 16.23b Strontium concentration in extraction 2 (carbonate bound) samples from 
VM70 soil pits 
0 
0-5cm 
10-15cm 
EX pA 2 
PA 3 
'01 PI 
30-3&m 
3 
Figure 16.23c Strontium concentration in extraction 7 (pseudo-total) samples from VM70 
soil pits 
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Figure 16.24 Potassium concentration in extraction 7 (pseudo-total) samples from VM70 
soil pits 
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Figure 16.25a Lead concentration in extraction 2 (exchangeable cations) samples from 
VM70 soil pits. 
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Figure 16.25b Lead concentration in extraction 4 (hurnic fraction) sarnples from VM70 
soil pits. 
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Figure 16.25c Lead concentration in extraction 7 (pseudo-total) samples from VM70 soil 
pits. 
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Figure 16.26a Barium concentration m extraction I (exchangeable cations) samples from 
VM70 soil pits. 
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Figure 16.26b Barium concentration in extraction 2 (carbonate bound) samples from 
VM70 soil pits. 
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Figure 16.26c Barium concentration in extraction 5 (secondary manganese oxides) samples 
from VM70 soil pits. 
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Figure 16.26d Barium concentration in extraction 6 (secondary iron oxides) samples from 
VM70 soil pits. 
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Figure 16.26e Banum concentration in extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.27a Aluminium. concentration of extraction 3 (fulvic fraction) samples from 
VM70 soil pits. 
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Figure 16.27b Aluminium concentration of extraction 4 (hurnic fraction) samples from 
VM70 soil pits. 
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Figure 16.27c Aluminium concentration of extraction 6 (secondary iron oxides) samples 
from VM70 soil pits. 
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Figure 16.27d Alurnimum concentration of extraction 7 (pseudo4otal) samples from 
VM70 soil pits. 
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Figure 16.28a Iron concentration Of extraction 3 (fulvic fraction) samples from VM70 soil 
pits. 
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Figure 16.28b Iron concentration of extraction 4 (humic fraction) samples from VM70 soil 
pits. 
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Figure 16.28c Iron concentration of extraction 6 (secondary iron oxides) samples from 
VM70 soil pits. 
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Figure 16.28d Iron concentration of extraction 7 (pseudo-total) samples from VM70 soil 
pits. 
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Figure 16.29a Scandium concentration of extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.30a Copper concentration of extraction 6 (secondary iron oxides) samples from 
VM70 soil pits. 
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Figure 16.30b Copper concentration of extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.3 1a Vanadium concentration of extraction 3 (fiilvic fraction) samples from 
VM70 soil pits. 
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Figure 16.3 1b Vanadium concentration of extraction 4 (hurnic fraction) samples from 
VM70 soil pits. 
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Figure 16.3 1c Vanadium concentration of extraction 6 (secondary iron oxides) samples 
from VM70 soil pits. 
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Figure 16.3 1d Vanadium concentration of extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.32a Zinc concentration of extraction 4 (humic fraction) samples ftom VM70 soil 
pits. 
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Figure 16.32b Zinc concentration of extraction 7 (pseudo-total) samples from VM70 soil 
pits. 
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Figure 16.33a Cobalt concentration of extraction 4 (humIc fraction) samples from VM70 
soil pits. 
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Figure 16.33b Cobalt concentration of extraction 6 (secondary iron oxides) samples from 
VM70 soil pits. 
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Figure 16.33c Cobalt concentration of extraction 7 (pseudo-total) samples from VM70 soil 
pits. 
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Figure 16.34a Chromium concentration of extraction 4 (humic fraction) samples from 
VM70 soil pits, 
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Figure 16.34b Chromium concentration of extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.35a Manganese concentration of extraction I (exchangeable cations) samples 
from VM70 soil pits. 
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Figure 16.35b Manganese concentration of extraction 2 (carbonate bound) samples from 
VM70 soil pits. 
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Figure 16.35c Manganese concentration of extraction 3 (fulvic fraction) samples from 
VM70 soil pits. 
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Figure 16.35d Manganese concentration of extraction 4 (humic fraction) samples from 
VM70 soil pits. 
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Figure 16.35e Manganese concentration of extraction 5 (secondary manganese oxides) 
samples from VM70 soil pits. 
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Figure 16.35f Manganese concentration of extraction 6 (secondary iron oxides) samples 
from VM70 soil pits. 
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Figure 16.35g Manganese concentration of extraction 7 (pseudo-total) samples from 
VM70 soil pits. 
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Figure 16.36a Nickel concentration of extraction 2 (carbonate bound) samples from VM70 
soil pits. 
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Figure 16.36b Nickel concentration of extraction 3 (fulvic fraction) samples from VM70 
soil pits. 
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Figure 16.36c Nickel concentration of extraction 4 (humic fraction) samples from VM70 
soil pits. 
431 
ppm N 
5 10 15 20 
ppm N 
05 10 15 20 
ppm N 
0 50 100 150 200 
0-5cm 
10-15cm 
0 20-25cm 
30-35cm 
So1 
"Sodpt2 
DSopit3 
Figure 16.36d Nickel concentration of extraction 5 (secondary manganese oxides) samples 
from VM70 soil pits. 
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Figure 16.36e Nickel concentration of extraction 6 (secondary iron oxides) samples from 
VM70 soil pits. 
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Figure 16.36f Nickel concentration of extraction 7 (pseudo-total) samples from VM70 soil 
pits. 
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Figure 16.37a Phosphorus concentration of extraction 2 (carbonate bound) samples from 
VM70 soil pits. 
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Figure 16.37b Phosphorus concentration of extraction 4 (humic fraction) samples from 
VM70 soil pits. 
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Figure 16.37c Phosphorus concentration of extraction 7 (pseudo-total) samples from 
VM70 soil pits. 
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Figure 16.38a Cerium concentration of extraction 2 (carbonate bound) samples from 
VM70 soil pits. 
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Figure 16.38b Cenum. concentration of extraction 7 (pseudo-total) samples from VM70 
soil pits. 
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Figure 16.40a Greyscale plot of twin-probe resistance data for site CN 11. 
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Figure 16.40b Interpretation of twin-probe resistance data for site CN 11. 
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Figure 16.41 Visibility corrected ceramic count for CN 11. 
Tfle per lOOrn2 
ADM 90 
00 - 90 
79 - na 
60 - 70 
50 - 00 
to - 50 
30 - 40 
29 -» 
B[Low 20 
10 
Figure 16.42 Visibility corrected tile count for CN 11. 
437 
140 
kf, 
40 
Figure 16.43 Contour plot showing the percentage particle size below 212 pm at site CN 11. 
Function % 
Arithmetic mean 7.20 
Minimum 4.86 
Maximum 10.68 
Standard deviation 1.16 
Skewness 0.83 
Particle size (1/o --212 urn) 
- 
a- 9 
7-6 
m0- -i 
0 
ffl 13ELOW 0 
Table 16.15 Statistical data for particle size at CN 11. 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Aluminium (A603) 2W-3.75 16.44b 
Magnesium (MgO) 1.1-1.6 16.44d 
Calcium (CaO) 13-23 16.44f 
Potassium (K20) 0.27-032 0.32-0.36 0.36-0.47 16.44h 
Cerium (Ce) 32-34 34-41 16.41 
Lanthanum (La) 33-62 16.441 
Strontium (Sr) 110-200 16.44n 
Yttrium (Y) 6-12 16.44p 
Cobalt (Go) 12-20 16.44r 
Copper (Cu) 25-32 32-39 16.4,41 
Manganese (Mn) 475-625 625-700 700-825 16.44v 
Nickel (Ni) 80-150 16.44x 
Zinc (Zn) 51-58 5B-69 16.44z 
Barium (Ba) 130-220 220-300 16.44P 
Table 16.19 Estimated range and number of populations for elements III samples 
from the surface soil survey of CN 11, based on cumulative frequency diagrams 
(figures 16.44b - 16.44p). The numbers are colour coded to indicate the 
association of the population. Red indicates an association with the suggested 
structure. Blue indicates an association with the east of the survey area. Green 
indicates an association with the end of the transects. Magenta indicates an 
association with the ceramic and tile peaks in the south-west of the survey grid. 
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Figure 16.44a Contour plot of surface soil aluminium concentration at site CN 11. 
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Figure 16.44b Plot of surface soil alumm*ium concentration and cumulative frequency (/o) for 
CN 11. 
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Figure 16.44c Contour plot of surface soil magnesium concentration at CN 11. 
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Figure 16.44d Plot of surface soil magnesium concentration and cumulative frequency C/6) for 
CN 11. 
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Figure 16.44e Contour plot of surface soil calcium concentration at CN 11. 
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Figure 16.44f Plot of surface soil calcium concentration and cumulative frequency (0/6) for 
CNII. 
445 
Potasjiun (% K20) 40 
M ADOW 0.59 
W9P7 0.0 - 0.50 
- 
0.40 - 0.4e m (L35 - 0.40 
0.30 - EL35 
Im 0.25 -0.30 ffl BELDW (L25 
40 rwires 140 
Figure 16.44g Contour plot of surface soil potassium concentration at CN 11. 
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Figure 16.44h Plot of surface soil potassium concentration and cumulative frequency (0/6) for 
CN 11. 
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Figure 16.441 Contour plot of surface soil cerium concentration at CN 11. 
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Figure 16.44j Plot of surface soil cerium concentration and cumulative frequency (1/o) for 
CN 11. 
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Figure 16.44k Contour plot of surface soil lanthanum concentration at CN 11. 
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Figure 16.441 Plot of surface soil lanthanurn concentration and cumulative frequency (/o) for 
CNII. 
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Figure 16.44m Contour plot of surface soil strontium concentration at CN 11. 
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Figure 16.44n Plot of surface soil strontium concentration and cumulative frequency (%) for 
CNI 1. 
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Figure 16.44o Contour plot of surface soil yttrium concentration at CN 11. 
100.00% 
C 
10.00% 
E 
m 0 
1.00% 
ppm 
140 
Figure 16.44p Plot of surfhce soil yttriurn concentration and cumulative frequency (0/6) for 
CN 11. 
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Figure 16.44q Contour plot of surface soil cobalt concentration at site CN 11. 
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Figure 16.44r Plot of surface soil cobalt concentration and cumulative frequency (1/6) for 
CNII. 
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Figure 16.44s Contour plot of surface soil copper concentration at CN 11. 
140 
100.00% 
I --IUOE IS . zu 
Z5 
LL 10.0()% 
----- ------------- ------ --- ------ - ---------- -- ----- 
ppm Cu 
Figure 16.44t Plot of surface soil copper concentration and cumulative frequency (1/o) for 
CN 11. 
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Figure 16.44u Contour plot of surface soil manganese concentration at CN 11. 
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Figure 16.44v Plot of surface soil manganese concentration and cumulative frequency (0/6) for 
CNI 1. 
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Figure 16.44w Contour plot of surface soil nickel concentration at CN 11. 
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Figure 16.44x Plot of surface soil nickel concentration and cumulative frequency (%) for 
CNI 1. 
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Figure 16.44y Contour plot of surface soil zinc concentration at CN 11. 
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Figure 16.44z Plot of surface soil zinc concentration and cumulative frequency (O/o) for CN 11. 
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Figure 16.44a Contour plot of surface soil barium concentration at CN 11, 
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Figure 16.44p Plot of surface soil barium concentration and cumulative frequency (1/6) for 
CNI 1. 
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Figure 16,46 Visibility corrected sherd densities at VM87. 
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Figure 16.47 Contour plot showing the percentage particle size below 212 ývm at VM87. 
Function % 
Arithmetic mean 8.15 
Minimum 5.60 
Maximum 12.25 
Standard deviation 1.17 
Skewness 0.55 
Table 16.20 Statistical data for particle size at VM87 (% below a particle size of 212 pm). 
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Element Population 
1 
Population 
2 
Population 
3 
Figure 
Magnesium (MgO) 3. ' 215-3.40 3AD-3.95 i 6.48b 
calcium (Cao) 2-7 7-9 1 6.48d 
Potassium (K20) 0.11-0.23 16.48f 
Cerium (Ge) 29-35 35-43 16.4Bh 
Lanthanurn (La) 23-98 16.48j 
Strontium (Sr) 14-20 20-26 16ABI 
Cobalt (Co) 4D49 49-54 16.48n 
Manganese (Mn) 8OD-900 900-1250 16.48p 
Nickel (Ni) 460-465 465-525 16.48r 
Lead (Pb) 4047 47-60 6C)- 172 16.481 
Zinc (Zn) 45-49 49-58 16.48v 
Barium (Ba) 35-60 60-72 16.48x 
Table 16.24 Estimated range and number of populations for elements in samples 
from the surface soil survey of VM87, based on cumulative frequency diagrams 
(figures 16.48b - 16.48x). The numbers are colour coded to indicate the 
association of the population. Red indicates an association with the central and 
eastern areas of the survey grid. Blue indicates an association with the west of the 
survey grid. Green indicates an association with the north of the survey grid. 
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Figure 16.48a Contour plot of surface soil magnesium concentration at VM87. 
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LL 10.00% 
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Figure 16.48b Plot of the cumulative frequency (0/6) for the magnesium concentration of 
surface soil samples from VM87. 
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Figure 16.48c Contour plot of surface soil calcium concentration at VM87. 
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Figure 16.48d Plot of the cumulative frequency C/. ) for the calcium concentration of surface 
soil samples from VM87. 
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Figure 16.48e Contour plot of surface soil potassium concentration at VM87. 
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Figure 16.48f Plot of the cumulative frequency (0/6) for the potassium concentration of surface 
soil samples from VM87. 
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Figure 16.48g Contour plot of surface soil cerium concentration at VM87. 
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Figure 16.48h Plot of the cumulative frequency (%) for the cerium concentration of surface soil 
samples from VM87. 
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Figure 16.481 Contour plot of surface soil lanthanum concentration at VM87. 
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Figure 16.48j Plot of the cumulative frequency (%) for the lanthanurn concentration of surface 
soil samples from VM87. 
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Figure 16.48k Contour plot of surface soil strontium concentration at VM87, 
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Figure 16.481 Plot of the cumulative frequency (%) for the strontium concentration of surface 
soil samples from VM87. 
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Figure 16.48m Contour plot of surface soil cobalt concentration at VM87. 
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Figure 16.48n Plot of the cumulative frequency (0/6) for the cobalt concentration of surface soil 
samples from VM87. 
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Figure 16.48o Contour plot of surface soil manganese concentration at VM87. 
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Figure 16.48p Plot of the cumulative frequency C/6) for the manganese concentration of surface 
soil samples from VM87. 
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Figure 16.48q Contour plot of surface soil nickel concentration at VM87. 
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Figure 16.48r Plot of the cumulative ftNuency (ý/b) for the nickel concentration of surface soil 
samples from VM87. 
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Figure 16.48s Contour plot of surface soil lead concentration at VM87. 
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Figure 16.48t Plot of the cumulative frequency (0/6) for the lead concentration of surface soil 
samples from VM87. 
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Figure 16.48u Contour plot of surface soil zinc concentration at VM87. 
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Figure 16.48v Plot of the cumulative frequency (0/6) for the zinc concentration of surface soil 
samples from VM87. 
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Figure 16.48w Contour plot of surface soil banum concentration at VM87. 
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Figure 16.48x Plot of the cumulative frequency (0/6) for the barium concentration of surface 
soil samples from VM87. 
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Site Average Maximum Minimum Comments 
Control Area 1 11.80 19.32 6.26 
Control Area 2 11.52 22.47 7.33 
Hyettos (1994) 7.03 20.90 3.00 12 % or less in core 
Hyettos (1995) 19.03 34.17 11.65- Average in core 17.64 
Askra(1994) 16.54 30.47 5.74 Lowest over the 
core of settlement 
Askra(1995) 27.66 37.84 9.87 at Askra 
VM4 22.97 32.52 12.10 Highest over 
the house 
Rhadon 22.37 28.74 14.98 structures 
VM70 (1994) 9.22 15.97 5.08 Lowest percentages 
occur over the 
VM70 (1995) 17.38 32.89 10.62 house structure 
CNII 7.20 10.68 9.86 Highest over 
the presumed 
VM87 8.15 12.25 5.60 core or structure 
Table 17.1 Percentage particle size below 212m, of samples from sites sampled 
during this thesis. Where two surveys were carried out at a site the year of sampling 
is indicated in brackets. 
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Element Control Areas city 
Hyettos 
Villages 
, 
Askra VN14 Rhadon 
Farmstead 
VM70 
Potassium 0.05-0.30 0.40-0.70 0.13-0.26 0.15-3.00 0.25-0.60 0.04-0.18 
Phosphorus - 0.40-0.70 0.15-0.28 0.30-0.70 0.35-0.70 0.03-0.05 
Manganese 500-600 800-900 - 550-950 500-800 
Lead 10-25 60-75 32-59 17-34 - 17-37 
Zinc 38-55 60-85 3949 40-90 56-72 2145 
Barium 15-30 90-120 60-80 60-95 54-60 25-36 
Table 17.2 Element populations with an archaeological association compared against 
populations characteristic of control areas. Values expressed for all sites are from the 1995 
surveys. 
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Element Soil pit I 
(14.5 % CaO) 
1 2 
Soil pit 2 
(2.4 % CaO) 
1 2 
Potassium 0.04 0.06 0.10 0.15 
Manganese 340 375 720 730 
Lead 27 1 32 32 
Zinc 25 23 35 37 
Barium 15 17 31 31 
Table 17.3 Comparison of sequential extraction totals (column 1) with pseudo-total 
digestion (column 2) values. 
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Signal after human activity 
Natural Soil Signal 
Soil developed through human activity 
------------------------ 
Natural soil 
AB 7777B 
Figure 17.2 Possible influence of rubbish accumulation or manuring on the clement 
concentration of a soil developed over a geology with alternating beds of material. A, B 
and C represent imaginary types of rock, but do not represent any specific type of rock. 
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